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1. SCOPE 

V 

11 PURPOSE. This standard is issued for 
the purpose of establishing uniform defini- 
tions, nomenclature, classification of defects, 
methods of testing, and measurements per- 
taining to the field of photographic lenses. 
An appendix, containing nonmandatory ref- 
erence material, is provided for use in the 
preparation of specifications and other pro- 
curement documents. 

1.2 CLASSIFICATION. This standard 
covers photographic lenses typed according 
to their use. The keywords are italicized for 
convenient reference. 

I Aerial Reconnaissance. A type I 
lens shall be suitable for use in 
aerial reconnaissance. It will be 
used at or near infinity focus and 
usually will have low distortion and 
a flat field. 

II Aerial Mapping. A type II lens 
shall be suitable for use in accurate 
aerial mapping. It will be used at 
or near infinity focus and usually 
will have a flat field. The distortion 
characteristics in this type of lens 
are usually designated and con- 
trolled within precise limits. 

III General Photographic. A type III 
lens shall be suitable for use in 
view camera and hand-held still 
cameras. It will be used to photo- 
graph both near and distant ob- 
jects. 

IV Process. A type TV lens shall be 
suitable for use in photolithogra- 
phy, process work, and precise re- 
production from flat copy. It will 
be used at or near unity magnifica- 
tion. In this type of lens, lateral 
and longitudinal chromatic aber- 
ration, secondary spectrum, and 
distortion are corrected to a high 
degree. 

V Motion Picture Camera. A type V 
lens shall be suitable for use in 
motion picture cameras. It will be 
used to photograph both near and 
distant objects. A type V lens dif- 
fers from a type III lens in that it 
usually is of shorter focal length 
and smaller field of view. 

VI Enlarger. A type VI lens shall be 
suitable for use in photographic en- 
largers. It will be used at finite 
magnifications, will usually have 
low color aberrations, and in cer- 
tain applications distortion charac- 
teristics will be designated and con- 
trolled within precise limits. 

VII Projection. A type VII lens shall be 
suitable for use as an objective lens 
in motion picture, film strip, 
opaque, slide, and overhead pro- 
jectors. It will be used at finite 
magnification and will have a fiat 
field. This type of lens usually dif- 
fers from a type VI lens in that it 
is faster, covers a smaller field of 
view, and has less correction of 
aberrations. 

VIII Photomicrographic. A type VIII 
lens shall be suitable for use in 
photomicrography. It will be used 
with the object at the shorter con- 
jugate. 

IX Portrait. A type IX lens shall be 
suitable for use in portrait photo- 
graphy. It will be used to photo- 
graph both near and distant ob- 
jects. It usually differs from a type 
III lens in having less correction of 
aberrations. 

X    Viewfinder, A type X lens shall be 
suitable for use in viewfinders. 

XI Condenser. A type XI lens shall be 
suitable for use in condensers. It 
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will be used for the collection and 
distribution of radiation in projec- 
tion and enlarging: systems . 

XII Copying. A type XII lens shall be 
suitable for use in reproduction 
from flat copy. It will be used at or 
near unity magnification. It usually 
differs from a type IV lens in that 
it has greater lens speed and less 
correction of aberrations. 

XIII   Microphotographic.   A  type   XIII 

r 
lens shall be suitable for use in 
microfilming and microcopying. It 
usually will be used at magnifica- 
tions between 0.1 and 0.024. 

XIV Recording. A type XIV lens shall 
be suitable for use in recording in- 
struments or fluorescent screen 
presentation. It will be used at a 
finite magnification and generally 
will be of a special design to meet 
the specific requirements. 

2. REFERENCED DOCUMENTS 

2.1 NOT APPLICABLE. 

3. DEFINITIONS 

3.1 AXES, POINTS, AND DISTANCES. 

3.1.1 Optical axis. The optical axis of a 
perfect lens or lens combination is that con- 
tinuous straight line in space which passes 
through all of the centers of curvature of 
the various spherical optical surfaces, coin- 
cides with, the axes of rotational symmetry 
of nonspherical surfaces and is perpendicular 
to flat surfaces. 

3.1.2 Axis of best definition. The axis of 
best definition of a lens is that line in which 
is perpendicular to the plane of best defini- 
tion and passes through the principal focus. 

3.1.2.1 Plane of best definition. The plane 
of best definition is that plane in the image 
space which contains those images repre- 
senting a compromise of quality selected as 
best for the purpose for which the lens is 
intended. 

2J..2.1JI Plane of best avrragt definition 
over the picture area. The position of focus 
giving the highest area weighted average 
resolution (AWAK) will be first considered 
as the position of best average definition 

over the picture area, or BADOPA. In case 
the resolving power for the axial image 
point is less than the AW AR, the .position of 
focus at which the axial resolving power 
equals the A WAR will be considered the 
position of BADOPA. 

3.1.2.1.2 Field tut. A lens field tilt when its 
best image plane is tilted with respect to the 
mounting shoulder for the lens. This effect 
is usually caused by slight amounts of de- 
centering or tilt in or within a member of 
an optical system. Field tilt results in a lack 
of symmetry of resolution in the field of the 
lens about the axis. Usually the points of 
greatest asymmetry lie along a diagonal of 
the picture format. The limits for field tilt 
may be specified in terms of maximum focus 
difference between the two positions of best 
focus at a specified angle during the diagonal 
exhibiting the greatest asymmetry. 

3.1.2.2 Best principal focus. The best prin- 
cipal focus of a lens is the point of intersec- 
tion of the lens axis with the plane of best 
definition from an incident beam of parallel 
light perpendicular to this plane. 



3.1J2-2.1 When a lens is supplied in cells, 
without barrel or shutter, the locating sur- 
face of the lens mount is defined as the seat- 
ing surface of the rear cell. 

3.1.3 Mechanical axis. The mechanical axis 
of a lens is that continuous straight line in 
space perpendicular to the plane of the flange 
or locating surface of the lens mount and 
passing through the center of symmetry of 
the flange or locating surface. 

3.0.1 Flange tilt. The flange tilt of a lens 
is the angle between the optical axis and the 
mechanical axis. 

3.1.3.2 Plane of the receiver. The plane of 
the receiver is that plane in the image space 
in which the receiver or the film in a camera 
is located. 

3.1^2.1 Focal tut. The focal tilt is the 
angle between the plane of best definition 
and the plane of the receiver due to the me- 
chanical structure between the lens flange 
and the receiver. It is not a true characteris- 
tic of the lens alone. 

3.1.4 Equivalent focal length} The equiva- 
lent focal length, or EFL. often referred to 
more simply as the focal length, determines 
the scale of the image produced by the lens. 
When a given object is at an infinite distance, 
images produced by distortionless lenses of 
the same equivalent focal length will be equal 
in size, and images produced by lenses of dif- 
ferent equivalent focal lengths will vary in 
size directly as the respective equivalent 
focal lengths. The equivalent focal length is 
defined by the equation: 

T 
EFL = 

tan ß 

/»-  ° (1) 
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where T is the transverse distance from the 
principal focus to the center of the image in 
the image-space focal plane of an infinitely 
distant object point which lies in a direction 
making an angle ß with the optical axis. The 
equivalent focal length shall be measured in 
accordance with 5.1.2.2. 

3.1.5 Calibrated 'focal length* The cali- 
brated focal length, or CFL, is denned as an 
adjusted value of the equivalent focal length 
of a lens mounted in a camera or cone, so 
chosen as to distribute the distortion in the 
manner best suited to conditions under which 
the photograph is to be employed. The cali- 
brated focal length shall be determined in 
accordance with 5.1.2.3. The calibration con- 
ditions shall be covered by the detailed spe- 
cification. 

3.1.6 Back focal distance. The back focal 
distance, or BF, is defined as the distance 
measured from the vertex of the back sur- 
face of the lens to the plane of best definition. 
The back focal distance shall be measured in 
accordance with 5.1.2.4. 

3.1.7 Flange focal distance. The flange focal 
distance, or FD, is defined as the minimum 
distance from the center of symmetry of the 
lens flange in the plane of the flan« to the 
plane of best definition. In a perfect lens, this 
distance is measured along the mechanical 
axis which coincides with the axis of best 
definition. The flange focal distance shall be 
measured in accordance with 5.1.2.5. 

3.1.8 Front focal distance.9 The front focal 
distance, or FF, is defined as the distance 
measured from the principal focus located 
in the front space to the vertex of the front 
surface. The front focal distance shall be 
measured in accordance with 5.1.2.6. 

3.1.9 Front vertex back focal ditUmct.1 The 

For.l    Unrlh«   »nd   roMl   DiiUnc«   of   rholofrmpfcle 
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front vertex back focal distance, or FVD, is 
defined as the distance measured from the 
principal focus in the back space to the ver- 
tex of the front surface. The front vertex 
back focal distance shall be measured in ac- 
cordance with 5.1.2.7. 

3.1.10 Telephoto ratio. The telephoto ratio 
is defined as the direct ratio of the equivalent 
focal length to the front vertex back focal 
distance. 

3.1.11 Depth of focus and depth of field. 
For every plane in the object space, a photo- 
graphic lens produces an image plane of best 
definition in the image space. In front of or 
behind this plane of best definition is a region 
within which the images of the selected ob- 
ject plane are of satisfactory quality. The 
distance separating the focal planes bond- 
ing this region is the depth of focus for the 
selected object plane. Similarly, there exists 
a region in space within which objects are 
imaged with satisfactory quality on a select- 
ed image plane. The distance separating the 
planes bounding this region is the depth of 
field. The extent of these regions of satisfac- 
tory focus may be defined in terms of a 10 
percent reduction of area weighted average 
resolution (AWAR) below that obtained at 
the best focal position. 

3.2 APERTURE AND RELATED QUAN- 
TITIES. 

3.2.1 Lens speed. Lens speed is that prop- 
erty of a lens which affects the image il- 
luminance. Lens speed shall be specified in 
terms of the following expressions: aperture 
ratio, relative aperture, or T-stop. 

3.2.2 Aperture ratio* The aperture ratio 
is the ratio 1:N or the fraction 1/N (writ- 
ten in this manner with the first member of 
the ratio, or the numerator of the fraction, 

r 
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equal to 1) where N is denned by the equa- 
tion: 

1 
N =   

2n sin a 

In this formula, n is the index of refraction 
of the medium in which the image is formed 
(approximately 1, if the image is formed in 
the air) and a is the angle subtended at the 
axial point of the image by the semidiameter 
of the exit pupil of the lens at a given dia- 
phragm setting. If the exit pupil is not cir- 
cular, the equivalent circle having the same 
area as the actual exit pupil should be used. 
Thus, for an objective in air, the aperture 
ratio is equal to 2 sin a. If the aperture ratio 
is given without qualification, its value is 
that corresponding to the largest indicated 
diaphragm opening and an infinitely distant 
object. If the object is at a finite distance, the 
value of the aperture ratio should be qualified 
by a statement of the corresponding magnifi- 
cation. The aperture ratio is applicable for 
the determination of exposure time when 
the object is at an infinite or a finite dis- 
tance. For any magnification, the exposure 
time is inversely proportional to the square 
of N. Thus, the aperture ratio is a measure 
of the image illuminance. (For test procedure 
see 5.1.2.8). 

3.2.3 Effective aperture* The effective 
aperture of a photographic objective for 
distant objects, for a given setting of the 
diaphragm, is an opening equivalent to a 
right section of the largest beam of parallel 
light from an axial object point that is trans- 
mitted by the lens. It is usually circular, or 
approximately so, and is specified by its dia- 
meter. If the section is not circular, the effec- 
tive diameter shall be the diameter of a circle 
having the same equivalent area. (For test 
procedure, see 5.1.2.9.) 

3.2.4 Clear aperture.' The clear aperture 
of each surface in a lens system is the roaxi- 



mum clear opening of the surface which is 
actually used in forming an image in any 
part of the field. The mount aperture at each 
surface shall be at least as large as the clear 
aperture in order that vignetting will not 
exceed the computed value. The clear aper- 
ture is usually circular and specified by its 
diameter. It is sometimes referred to as the 
free aperture. 

3JJ.5 Relative aperture.1 The relative aper- 
ture shall be denned as the ratio of the EFL 
to the diameter of the effective aperture. The 
symbol for relative aperture shall be if 
followed by a numerical value. It is written 
as a fraction, for example, f/2 signifies that 
the diameter of the effective aperture is one- 
half the focal length. For an object at an 
infinite distance, the denominator of the rela- 
tive aperture and the second member, N, of 
the aperture ratio are identical, provided the 
image is formed in air and the imagery obeys 
the sine condition. 

S.2.5.1 /-«uwdcr.« The f-number shall be 
defined as the denominator in the expression 
for the relative aperture. Thus, if the rela- 
tive aperture is f/2, the f-number is 2. 

3.2.6 T-stop and T-number.1' The T-*top is 
referred to as the aperture of a lens cali- 
brated photometrically and assigned a T- 
number, which is the f-number of a circular 
opening in a fictitious lens having 100 per- 
cent transmittance, and which gives the same 
central image illuminance as the actual lens 
at the specified stop opening. Hence, for a 
lens with a circular aperture, the 

T-number 
f-number 

Vt 
(3) 

where t is the traasmittanoe. For a lens with 
an effective aperture of any shape and area 
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A, the corresponding formula is: 

f 
T-number = V^ (4) 

The transmittance of the lens shall be defined 
as the ratio of the transmitted light flux to 
the incident light flux. The symbol for the 
T-stop shall be T followed by a space and a 
numerical value — for example, T 2. The 
numeral 2 represents the T-number. (For 
test procedure, see 5.1.2.10.) 

3.2.6.1 Area weighted average T-number. 
The T-number as defined in 3.2.6 is a com- 
parative measure of illuminance on the axis 
of a lens. Since the illuminance usually varies 
over the field, a need may exist for determin- 
ing T-n umbers for off-axial image points and 
computing an average T-number. In accord- 
ance with the basic photometric relation- 
ships involved, the general definition of T 
ni-mber is given as 

T, =  -U   5rB/Et 

Since,  in  accordance with  this  definition, 
1 

2 
— yj wB = T.-y    E„ 

(6) 

In these expressions, Tt is the T-number for 
an image point in a zone i, T« is the axial 
T-number, B is the object luminance, E0 is 
the illuminance on the axis, and Ei is the 
average illuminance for the zone. Compatible 
units should be used for quantities B, E„, 
and E,. When the illuminance is averaged 
over the field, weighting the average by the 
area of the circular zone in which the illumi- 
nance is determined, and this average is sub- 
stituted for EL.in.equation (6), the resulting 
T-number is called the area weighted aver- 
age T-number, or A WAT. For circular zones 
which extend bevond the boundaries of the 
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picture format, only the area lying within the 
format shall be used in determining the 
weighting ratios. The equations for comput- 
ing A WAT are: 

AWAT -N> "ÄTET 

/     AE, 

or AWAT ■ 10 T ^/VH 
(7) 

(8) 

in which A is the total area of the picture 
format, Ai is the area of a .particular zone, 
and ot is the average relative illuminance for 
that zone expressed in percent 

3*2.7 Front operating aperture. The front 
operating aperture is defined as the limiting 
aperture at the front of the lens. It will usual- 
ly be given as the maximum diameter of the 
entrance cone at the front vertex for the spe- 
cified field of view at infinity focus. 

3.2.8 Rear operating aperture. The rear 
operating aperture is defined as the limiting 
aperture at the rear of the lens. It will usual- 
ly be given as the maximum diameter of the 
emergent cone at the rear vertex for the spe- 
cified field of view at infinity focus. 

3.3    CONSTRUCTIONAL    FEATURES. 
Pertinent features include details of the con- 
struction of the lens. These may relate to the 
physical configuration, or arrangement of 
the individual elements, to some specified 
optical characteristic or to the nomenclature 
of the various parts. Constructional features 
of photographic lenses are listed with defini- 
tions and explanatory data. 

3.3.1 Optical system* The optical system 
includes all the parts of a photographic lens 
and accessory optical parts which are de- 
signed to contribute to the formation of an 
image en the photographic emulsion or on a 
screen for viewing. 

3^2 Member* A member of a photo- 
graphic lens is a group of parts considered 
as an entity because of the proximity of its 
parts or because it has a distinct but not al- 
ways entirely separate function. 

3.3.3 Component* A component of a photo- 
graphic lens is a subdivision of a member. It 
may consist of two or more parts cemented 
together or with near and approximately 
matching surf aces. 

3.3.4 Element* An element of a photo- 
graphic lens is a single uncompounded lens, 
Le^ a part constructed of a single piece. The 
total number of elements is a significant con- 
structional feature of a lens. 

3-3^ Front of photographic lens.* The 
front of a photographic lens, in general, is 
the end carrying the engraving, and usually 
facing the longer conjugate. In lens draw- 
ings, the front generally faces left or up. A 
notable exception is certain lenses intended 
to be used in photomicrography in which the 
front of the lens faces the shorter conjugate. 

3.3.6 Back of photographic lens* The back 
of a photographic lens, in general, is the end 
carrying the mounting thread or other at- 
taching means and usually facing the shorter 
conjugate. 

3.3.7 Name of design. Designs of lenses in 
which particular configurations of elements 
are employed are often given names. These 
names are usually trade names, and the name 
ordinarily applied to any particular configu- 
ration is usually the trade name of the oldest 
design of a particular type such as "Tes- 
sar." In some cases, however, the design 
name may not be a trade name but may be 
based on some feature of the lens configura- 
tion such as ••Symmetrical.'* 

3.3.8 Telephoto. A telephoto lens is defined 

r~ 
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as a lens for which the telephoto ratio is 
greater than one, (See 8.1.10.) 

ZZ3 Glass types. A constructional feature 
is the type of optical glass of which each 
element is made. 

3.4 MECHANICAL AND STRUCTURAL 
FEATURES. 

3.4.1 Cell. A cell is a mechanical structure 
holding an element, component, or member. 

3.4.2 Barrel. A barrel is a mechanical struc- 
ture in which the lens is mounted. 

3.4.3 Cone. A cone is denned as the me- 
chanical structure to which a lens barrel or 
shutter, with lens, is attached in order to 
bring the image in focus in the film plane of 
a specific aerial camera. 

3.4.4 Lens diaphragm. A lens diaphragm 
is a mechanical device for reducing the ef- 
fective aperture of a lens. It may take the 
form of an iris or a Waterhouse stop. An iris 
diaphragm consist of leaves providing an 
opening continuously variable in size. A Wa- 
terhouse stop is a removable aperture of fix- 
ed size which fits in the lens barrel. Water- 
house stops are usually provided in a graded 
series of apertures. 

3.4.5 Iris diaphragm control.* Unless other- 
wise specified, when looking at the front of 
a lens or remote control knob, a counter- 
clockwise rotation of the diaphragm control 
shall reduce the aperture or stop the lens 
down. 

3.4.6 Par focalized. Lenses mounted in bar- 
rels may be specified as parfocalized, i.e., the 
flange focal distance may be specified to close 
tolerances that would secure an image in 
satisfactory focus when the lenses are inter- 
changed on a camera, 
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3.4.7 Spanner wrench openings. When re- 
quired in order to facilitate removal of cells, 
elements, components, or members from a 
cell or barrel, there shall be two openings 
180 degrees apart for application of a span- 
ner wrench. Each opening shall either be 
circular in shape, or a slot with parallel 
sides. 

&5 FIELD OF VIEW. The field of view of 
a lens is a measure of the size of the image 
area or conjugate object area which is satis^ 
factorily reproduced. This field may be de- 
fined in terms of the maximum size of the 
negative or projection material with which 
the lens is to be used." The angular measure 
for field of view is the half angle, which, un- 
less otherwise specified, is the angle subtend- 
ed at the first nodal point by the optical axis 
and a straight line to an object point which 
is imaged at the extreme corner jof the nega- 
tive. For a projected image, the half angle 
is the angle subtended at the second nodal 
point by the optical axis and a line to the 
image point conjugate with the extreme cor- 
ner of the projection material. The half 
angle is sometimes referred to the side of 
the image area and in such cases it shall 
always be so specified. The field of view may 
also be designated as the total field angle 
which is twice the half angle. Coverage is a 
less precise term for field of view. 

3.6 OPTICAL CHARACTERISTICS. Opti- 
cal characteristics include all properties of a 
lens affecting its optical performances such 
as image quality, distortion, transmittance, 
image color; and condenser characteristics. 
When specifying optical characteristics or 
individual aberrations, the definitions and 
nomenclature set forth herein shall be used. 

3.6JL Image quality. Image quality embrac- 
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es all the properties of a lens affecting the 
quality of the image such as resolving power, 
aberrations, image defects, and veiling glare. 
Aberrations are optical defects inherent in 
the lens design. Because of manufacturing 
variations, it often happens that the meas- 
ured aberrations differ from the computed 
aberrations. Image defects are optical de- 
fects not inherent in the lens design and re- 
sulting entirely from manufacturing and 
mounting variations. This standard is pri- 
marily concerned with optical performance. 
Optical performance can be measured in 
terms of resolving power, or specific optical 
characteristics. 

3.6.2 Revolving power. The resolving power 
of a lens is a measure of its ability to image 
closely spaced objects so that they are recog- 
nizable as individual objects. The resolving 
power shall be expressed in lines per milli- 
meter, usually in the short conjugate plane. 
Resolving power is measured by photograph- 
ing or observing suitable test charts at spe- 
cified angular, distances from the center of 
the field. The test charts shall consist of 
groups of parallel straight lines and spaces 
of equal width; the resolving power is the 
reciprocal of the center-to-center distance 
of the lines that are just distinguishable in 
the recorded image. By "just distinguish- 
abh" is meant that the observer is able too 
count the correct number of lines in the re- 
corded image, over the entire length of the 
lines and in the correct orientation, subject 
to the provision that no coarser pattern shall 
be unresolved. The appearance of resolution 
in a finer pattern after failure to resolve a 
coarser pattern is an indication of the pres- 
ence of spurious resolution. Spurious resolu- 
tion is a phenomenon wherein fine lines are 
resolved, yet coarse lines are not For non- 
axial point«, it is necessary to consider the 
orientation of the ttn«. For example, the 
resolving power for radial lines, or "radial 
resolving power" (sometimes called "sagittal 
revolving power*,), at a given point in the 

r 
image plane is the resolving power for close- 
ly spaced lines that are parallel and adjacent 
to the radius drawn from the center of the 
field to the given point Resolving power for 
tangential lines, or 'tangential resolving 
power," is the resolving power for closely 
spaced parallel lines that arc tangent and ad- 
jacent to a circle drawn through the given 
point whose center lies at the center of the 
field. Resolving power may be specified as 
minimum acceptable resolving power, re- 
gardless of whether radial or tangential at 
specified angles from the optical axis of the 
lens, or it may be specified at both minimum 
acceptable radial and minimum acceptable 
tangential resolving power at specified angu- 
lar distances from the optical axis. The aver- 
age resolving power weighted in terms of 
the area of the negative, the area weighted 
average resolution (AWAR), provides a 
single value by which the resolving power 
for the entire field may be specified. (See 
3.1.2.1.1 and 8.65.5.) 

3.6.2.1 Thotoffraphie ruolving power. 
Photographic resolving power is used in 
specifying and measuring performance of 
type I, n, m, IV, V, IX, XII, and Xm lenses 
and is the greatest number of lines per milli- 
meter recorded photographically as separate 
lines. A target pattern is considered resolved 
when it meets the conditions described in 
3.6.2. Photographic resolving power depends 
markedly on the photographic conditions 
employed, and on the presence of back- 
ground glare from the IDmninated target 
When specifying photographic resolving 
power, It is necessary also to specify the 
color of light to be used, the type of photo- 
sensitive material and processing, the lens 
speed at which the tort is made, the contrast 
of the target and the magnification or focus 
at whlch-the lens is tests«. (See 5X2.12.1) 

3£JU VmtaX t—cAvUg power. Visual re- 
solving power is used in specifying and 
measuring of type X lenses, and is defined 
as the greatest number of lines per mOU* 



f 

meter in the image of a test target pattern 
that are just barely distinguishable as sepa- 
rate lines under adequate magnification. 
When specifying visual resolving power it is 
necessary also to specify the target contrast 
(See 5.1.2.12.2.) 

3.6.2.3 Projected photographic resolving 
power. Projected photographic resolving 
power is used in specifying and measuring 
the performance of type VI lenses and is 
defined as tne greatest number of lines per 
millimeter, in the object plane, that are bare- 
ly distinguishable as separate lines when 
observing under magnification a photo- 
graphically recorded, projected image of a 
suitable test target. (See 5.1.2.12.3.) When 
specifying projected photographic resolving 
power it is necessary also to specify lens 
speed, focus, magnification, type of illumina- 
tion, contrast of target, type photosensitive 
material and its processing. 

3.6.2.4 Projected visual resolving power. 
\ Projected visual resolving power is used in 
\ specifying and measuring the performance 
i of type VII lenses and is defined as the 
I greatest number of lines per millimeter in 
the object plane that are distinguishable as 
separate lines in the projected image. When 
specifying projected visual resolving power, 
it is usually understood to imply a high con- 
trast target (dark lines on light back- 
ground). (See 5.1.2.12.4.) 

3.6.2.5 Area weighted average resolution. 
A single average value for the resolution 
over the picture format may be determined 
for any given focal plane as the area weight- 
ed average resolution, or AW AR. To deter- 
mine the AWAR, the picture format is 
divided into concentric annular zones whose 
boundaries are determined from the angles 
which are midway between successive test 
angles. For zones which extend beyond the 
boundaries of the picture format, only the 
area lying within the format shall be used 
in determining the weighting ratio. The reso- 
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lution obtained at any given test angle is 
multiplied by the ratio of the area of the 
zone for that angle to the total area of the 
picture format. The AWAR is the sum of 
these products. To obtain a single value of 
the resolution for each test angle, the geo- 
metric mean of the tangential and radial 
resolutions shall be used. However, the com- 
putations may be simplified by the use of an 
arithmetic mean whenever the tangential 
and radial resolutions differ by less than a 
factor of 2 to 1. When more than one meas- 
urement is made at any given test angle, an 
arithmetic mean shall be determined for the 
tangential and another for the radial reso- 
lutions. The area weighted average resolu- 
tion is defined as: 

AWAR = 
_    A       * (9) 

where A, is the area of a particular zone, Rt 

is the average radial resolving power in this 
zone (or radial resolving power at the mid- 
point of the zone), T, is the average tangen- 
tial resolving power in the zone (or the tan- 
gential resolving power at the midpoint 
of the zone), and A is the total area of the 
picture format, and 2 is the summation 
sign, summating the values 

A, 

V R. T, 

over all zones in the picture area. 

3.6.3 Astigmatism and curvature of field. 
In general, a lens possesses two image sur- 
faces: one in which lines radial to the optical 
axis are best defined and the other in which 
lines tangent to circles concentric with the 
axis are best defined. Noncoincidence of 
these two image surfaces is called astig- 
matism, and the separation of the two image 
surfaces, measured parallel to th« optical 
axis, is called the astigmatic difference. A 
median surface lying between the two is caU- 
ed the surface of least confusion and the defi- 
nition in this image surface is least affected 
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by orientation of the object. None of the sur- 
face» is a true plane. The departure of the 
surface of least confusion from a true plane 
is called curvature of field. Resolving power 
figures, specified in accordance with 3.6.2, 
will usually be considered as referring to a 
flat image and object plane. When curvature 
of field is specified, the magnification at 
which it is to be measured shall be stated 
(See 6.1.2.13.) Figure 1 is plotted as an ex- 
ample of the astigmatic difference. 

AN6UL*r DISTANCE FROM AXIS 

Picon; I. Astigmatic Difference 

3.6.4 Color correction. Color correction is 
defined as the reduction of longitudinal and 
lateral chromatic aberrations. It may be 
specified in terms of the kind of light and 
color sensitivity of the photographic mate- 
rial to be used with the lens, ex, the lens is 
color corrected for use with white light and 
panchromatic film of ASA speed 100. The 
color correction may be specified in terms of 
the Fraunhofer lines in the solar spectrum 
that are to be used in the lens calculations, 
e.g., C and F correction. The magnification 
at which the color correction is accomplished 
shall be designated. (See 5.1.2.14.) 

3.&4.1 Longitudinal chromatic aberration. 
Longitudinal chromatic aberration is defined 
as a variation in back focal distance for light 
of different colors or wave lengths. It is 
specified in terms of this focal change for 
Hgfct of specified colors. (See 6.1114.1.) 
Figure 2 U plotted as «a example of longi- 
tudinal chromatic aberration, 

&.6.4L2 Lateral chromatic aberration, Late- 

FOCAL   CHANGE   (r\n) 

FIGURE 2. Longitudinal Chromatic Aberration 

ral chromatic aberration is a yariation in 
image scale of a lens for light/ of different 
colors or wave lengths. When required, 
limits on lateral chromatic aberration will 
be specified as the radial displacement in 
millimeters of the image in the first color 
from the image of the same point in the 
second color. (See 5.1.2.14.2.) Figure 8 is 
plotted as an example of lateral chromatic 
aberration. 

*jy- 
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Ficmx 3. Lateral Chromatic 'Aberration 

3.6.5 Magnification. 

3.6.5.1 Paraxial magnification. The paraxi- 
al magnification, often referred to more 
simply as magnification, determines the scale 
of the image when the object is at a finite 
distance from the lens. The paraxial magni- 
fication, or PM, is defined by the following 
equation: 

PM limit (10) 

y- ° 
where •/ is the radial distance from the opti- 
cal axis to the image point in the image plane 

r 

10 
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conjugate with the object plane, and y is the 
radial distance in the object plane from the 
optical axis to the object point. Unless other- 
wise specified, the image plane is defined as 
the plane of best photographic imagery for 
the axial object point; the image plane may 
also be specified as the plane of best defini- 
tion. Paraxial magnification shall be meas- 
ured in accordance with 5.1.2.15.1. 

3.6.5.2 Calibrated magnification. The cali- 
brated magnification, or CM, is defined as an 
adjusted value of the paraxial magnification 
of a lens mounted in an instrument. This 
value is so chosen as to distribute the dis- 
tortion in the manner best suited to the con- 
ditions under which the lens is to be em- 
ployed. The calibrated magnification shall be 
determined in accordance with 5.1.2.15.2. 
The calibration conditions shall be covered 
by the detailed specification. 

3.6.6 Distortion. These are two kinds of 
distortion—radial and tangential. When dis- 
tortion is referred to without designation, 
radial distortion is implied. In some in- 
stances, it may be desirable to specify the 
distortion in terms of cartesian coordinates 
rather than polar coordinates. Because of the 
wider usage of the polar method of specify- 
ing distortion, radial and tanjrential distor- 
tion only are denned in this standard. This 
does not preclude the snecification of dis- 
tortion in cartesian coordinates. Small ran- 
dom distortions through the field mav be 
introduced by inhomojreneities in the glass 
and irreeularities in the surface of the ele- 
ments. Figure 4 is plotted as an example of 
distortion. 

3.6.6.1 Radial distortion. Radial distortion 
is a radial displacement of image points 
from the undistorted position, computed on 
the basis of the equivalent focal lenpth or 
calibrated focal length when the object is at 
ininnity. or on the basis of paraxial magni- 
fication or calibrated magnification when the 
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FiCURE A. Distortion 

object is at a finite distance from the lens. 
When radial distortion is present, straight 
lines in the object space not passing through 
the optical axis are reproduced as curved 
lines in the image. When the image point is 
displaced radially outward from the center 
of the image, the distortion is positive (com- 
monly called barrel distortion if the absolute 
value of the negative distortion is continu- 
ously increasing from the center.) When the 
displacement of the image point is toward 
the center of the image, the distortion is 
negative (commonly called barrel distortion 
if the absolute value of the negative distor- 
tion is continuously increasing from the 
center). The magnitude of the distortion and 
its tolerances shall be specified in milli- 
meters. It may be specified in terms of the 
amount at different field angles, or by means 
of a curve, plotted in millimeters against the 
field angle. When limits to the tolerated dis- 
tortion are specified, they shall be specified 
in millimeters and shall apply to any part of 
the field for which the lens is corrected. 
When specifying distortion, the conditions 
under which the lens is used, whether with 
parallel light, copying at 1 to 1 or 1 to 2, etc., 
shall be specified. (See 5.1.2.16.) 

3.6.6.2 Tangential distortion. Tanpential 
distortion is an image defect resulting in the 
displacement of image points (from the un- 
distorted position) perpendicular to a radius 
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from the center of the field. The radius from 
which tangential distortion is measured 
originates at the principal point of autocolli- 
mation and contains the undistorted image 
point (the point at which the image would 
have fallen if it had hot been distorted). 
When tangential distortion is present, 
straight lines in the object space which pass 
through the axis of best definition are repro- 
duced as curved lines in the image. Tangen- 
tial distortion is usually specified as a maxi- 
mum permissible value throughout the field. 
(See 5.1.2.16.7.) 

3.6.6.3 Errors of centration. Lenses with 
spherical surfaces are usually designed to be 
so constructed that the center of curvature 
of all the surfaces will lie on a single straight 
line termed the optical axis of the lens. If 
aspherical surfaces are used, their individual 
axes should correspond with the optical axis 
of the lens. Failures to comply with these 
conditions are termed errors of centration. 
Errors of centration cause tangential distor- 
tion, prism effect, field tilt, and asymmetric 
radial distortion. 

3.6.6.4 Principal point of avtocoUimation. 
The principal point of autocollimation is a 
term used in measuring distortion and is de- 
fined exactly the same as principal focus, 
except that the plane of best definition is 
assumed to be the actual emulsion plane of 
the camera. (See 3.1.2.1.) 

3.b.6.5 Prism effect. A lens has "prism 
effect" when light from an infinitely distant 
object point passing through the rear nodal 
point on a line perpendicular to the image 
plane of a camera is not imaged at the princi- 
pal point of the perspective. The principal 
point of the perspective is the point of inter- 
section with the focal plane of a perpendicu- 
lar dropped from the rear nodal point of th* 
lens. The principal point of the perspective 
and principal point of autocollimation should 
coincide. Decentered lenses behave as if they 
consisted of an ideal lens plus a thin prism. 

The limits on prism effect, when required, 
shall he specified in terms of the vertex angle 
of the prism (index = L5) which would 
give the same result used in combination 
with a perfect lens. (See D.L2.17.) 

3.6.7 Relative UluminatiorL Relative illu- 
mination is defined as the ratio of the illu- 
minance at the focal plane, for off-axis field 
positions, to the illuminance "for the center 
of the field. This assumes that the luminance 
of the object field, as observed from the lens, 
is the same throughout the field, or that the 
field is a Lambert's law surface. The reduc- 
tion in illuminance may be doe to such causes 
as absorption, cosine variations, and barrel 
vignetting. Relative illumination shall be 
specified as percent of axial Illuminance for 
image points at given angular distances. A 
curve on which percent of axial illuminance 
is plotted against field angle may be used. 
For purposes of specification, the following 
example is given: At f/6.3 the image illumi- 
nance at 45 degrees shall be no less than 8 
percent, and at 35 degrees no less than 20 
percent of the image illuminance on axis. 
(See 5.1.2.11.) Figure 5 is plotted as an ex- 
ample of relative illumination. 
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FICURE 5. Relative Illumination 

3.6.7.1  Vignetting. Vignetting is the pro- 
gressive reduction in the cross-sectional area 
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of a beam of light passing through a lens as 
the obliquity of the beam is increased. It is 
due to obstruction of the beam by the various 
mechanical apertures, lens mounts, etc, 
within the lens. (The cross-section of the 
beam must be taken in a plane perpendicular 
to the optical axis of the lens.) Thus the 
beam of light from an axial object point 
passing through the lens is generally circu- 
lar in cross-section, whereas an oblique beam 
originating at any extra-axial object point is 
generally non-circular in shape due to the 
"*vignetting" action of the various limiting 
apertures within the lens. This restricted 
usage of the term "vignetting" must be care- 
fully distinguished from its common mean- 
ing, which generally refers to the progres- 
sive reduction in image illuminance at in- 
creasing obliquity; the popular term thus 
combines the two distinct concepts of area 
vignetting and the cos4 effect 

3.6.7.2 Cos* law. When light from a uni- 
form diffusing source falls on a plane screen 
parallel with the source at a distance from 
it which is large in comparison with the di- 
mensions of the source, the illuminance on 
the screen varies approximately as cos* <t>, 
where ^ is the angle between the axis of the 
source and the line joining the center of the 
source to the screen-point under considera- 
tion. 

3.6.7.2.1 IUwninance distribution. When 
illuminated by an object of uniform lumi- 
nance (viewed from the lens) and of a size 
sufficient to entirely fill the field of view, a 
lens having a circular diaphragm gives, 
within the mechanically unvignetted portion 
of the field, a distribution of illuminance 
which follows the cos* law in terms of the 
obliquity angles at the diaphragm provided 
that the conditions stated below are satisfied. 
A lens with a diaphragm in front gives a 
distribution of illuminance proportional to 
cos* * (where 4, is the obliquitv angle in the 
object space) if the image is free from dis- 
tortion and if the distance from the object 
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plane to the diaphragm is very large with 
respect to the diameter of the diaphragm. 
A lens with an internal diaphragm gives a 
distribution of illuminance proportional to 
cos4 *i (where 4>A is the obliquity angle in the 
diaphragm space) if the component behind 
the diaphragm does not contribute to the 
image distortion and the aperture is very 
small. A lens with a diaphragm behind it 
gives a distribution of illuminance propor- 
tional to cos4 *' (where <f>' is the obliquity 
angle in the image space) if the distance 
from the diaphragm to the image plane is 
very large with respect to the diameter of 
the diaphragm. In each case, the distribution 
of illuminance exactly corresponds to the 
distribution that would be obtained with a 
small circular Lambert's law source placed 
at such a distance from the image plane that 
the obliquity angles from the center of the 
source to the image points are as defined 
above. 

3.6.7.2.2 Variation of cos* law. Ordinary 
optical distortion in the lens will in genera? 
have a considerable effect on the distribution 
of illuminance across the field when express- 
ed as a function of the entering obliquity 
angle *. Some lenses have been constructed 
in which the cos * $' law has been almost 
completely nullified by the presence of a 
sufficiently large amount of barrel distortion. 
Regarded naively, the distortion may be said 
to compress the outer part of the image, thus 
increasing the illuminance within it. 

3.6.7.3 Beam sections. When it is necessary 
to compute the light distribution to be anti- 
cipated in a new lens design, or when esti- 
mating the light distribution from the di- 
mensions of a lens without making actual 
photometric measurement, it is necessary to 
determine the section of a light beam as it 
enters or leaves the lens, at adopted refe- 
rence planes perpendicular »D the optical axis 
of the lens. Conveni*»-L reference plane«; are 
the planes defined by the rims of the lens 
mounts at the two ends of the lens barrel. 
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A light beam from an extra-axial object 
point, proceeding through the lens to its 
image point, will intersect these two refe- 
rence planes in two "beam sections," gene- 
rally non-circular in shape. These sections 
can be plotted and the areas measured (see 
6.1.2.11.4), or they can be computed if the 
lens construction is known by tracing a 
sufficient number of skew rays. 

3.6.7.4 Obliquity angels. For any point of 
the reference plane in the object space, * is 
the angle between a normal from the front 
nodal point to the reference plane and a line 
joining that point with the object point 
Similarly, for any point in the reference 
plane in the image space, ♦' is the angle be- 
tween the normal from the rear nodal point 
to the reference plane and a line joining that 
point with the image point. The obliquity 
angle * is the same for every ray of the 
entering oblique parallel beam. 

3.6.8 Transmittance. Lens transmittance is 
defined as the ratio of the light flux leaving a 
lens to the light flux entering the lens. It is 
specified as a percentage. When specifying 
percent transmittance and tolerance, the 
color of the light incident on the lens should 
be specified, and the spectral sensitivity of 
the film, when used, should also be specified. 
Percent transmittance may also be specified 
as spectral transmittance, wherein the trans- 
mittance at each wave length is specified. 

3.6.8.1 Color contribution. For some uses 
the color of the light transmitted by an opti- 
cal system is an important consideration. 
The color of the optical glass, coatings, inter- 
ference films, and filters used determine this 
property. The effect that the optical system 
has upon spectral characteristics of the litht 
flux entering the system is termed "color 
contribution." This property of an optical 
system is specified and measured in terms 
of conventional spectral transmittance 
curves, wherein transmittance in percent is 
plotted against wave length in m*. 

r 

Z.M Spherical aberration. Spherical aber- 
ration is defined as an optical defect in which 
rays of light through different narrow annu- 
lar zones of the lens (concentric with the 
optical axis) from an axial object point do 
not come to focus in the same plane. When 
required, the limits on spherical aberration 
may be specified as the difference in focal 
position for light through an annular zone 
of given width and radius and that for light 
through the axiai zone of a radius approach- 
ing zero. It shall be negative when the focal 
distance for the zone of specified radius has 
the greater value. It may also be specified by 
means of a curve in which the focal diffe- 
rence is plotted against zone radius for dif- 
ferent zones. When specifying spherical 
aberration, the color or wave length of light 
used and whether measured at infinite or at 
finite focus shall be specified. (See 5.1.2.18.) 
Figure 6 is plotted as an example of spheri- 
cal aberration. 
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FICUKE C. Spherical Abtrratwn 

3.6.9.1 Focal shift Focal shift caused by 
spherical aberration is an important conside- 
ration. It may be specified as a change of 
focus either for the position of "greatest 
concentration" or for the "ha*e position" as 
the lens aperture is changed. It may also be 
specified as the difference in focus between 
these two positions at a given aperture. 

3.6.9.1.1  Position  of  greatest  concentra- 
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Hon. The "position, of greatest concentra- 
tion" 13 defined as the focus position at which 
the aerial image, observed under magnifica- 
tion, shows the least amount of spreading. 
Very coarse resolution charts make a suit- 
able object 

3.6.9.1.2 Haze position. The "haze posi- 
tion" is defined as the focus position at which 
is obtained the highest resolution even 
though there is considerable light around the 
image of the target Haze position should be 
determined with a high contrast target. 

3.6.10 Veiling glare." Lenses in addition 
to focusing light to the image plane may 
scatter some light more or less widely over 
the image. This scattered light lowers the 
contrast of the image. The scattering may 
be due to a number of causes, such as dirt 
or scratches on the lens surface, multiple 
reflections from the surfaces, or reflections 
or scattering from mounts. This non-ima«rc 
forming light is referred to as "veiling 
y'are." The measure of veiling glare is: 

V =  100 
E. 

% (11) 

where E, is the image illuminance produced 
by the glare light, and E, is the total image 
illuminance produced by image light plu3 
glare light. 

3.6.11 Condenser characteristics. A con- 
denser, which may consist of one or more 
elements and components, is usually intended 
for interception of a certain portion of the 
light from a source and concentration of this 
lieht on a given area tr such a manner that 
the image of this area is satisfactorily illu- 
minated on a screen. The adequate descrip- 
tion of a condenser includes: its equivalent 
foeatlength, the T/ number of the aperture 
ratio of the system with which thp  givm 

• V*1Hnr   rl»r»   rrpUm   0>t   tormi   "itnr   tlrfit.•»   "(U—" 
«witraat  rendition."   and   "uMeMe  brilllanc«"   which   as«  oo«. 
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area is to be imaged, the distance of this 
area from the front vei tex of the condenser, 
the distance of the rear vertex of the con- 
denser from the specified light source. The 
performance of a condenser should be speci- 
fied in accordance with the test specified in 
5.1.2.20. 

3.7 MISCELLANEOUS FEATURES. In 
describing a lens a number of miscellaneous 
features are encountered which do not 
directly relate to any particular aspect of 
this standard. These are listed with defini- 
tive and explanatory data. 

3.7.1 Performance designation. Lenses are 
occasionally designated by the performance 
they are designed to supply relative to cor- 
rection of specific geometrical aberations, 
the three designations generally employed 
being achromat, anastigmat, and apochrc 
mat. These terms are defined in a general 
manner as follows. 

3.7.1.1 Achromat. An achromat is a lens 
in which the EFL and BF have their vain?? 
the same for light of two designated was* 
lengths. Also, the other aberration« a-n 
sufficiently well corrected for the use in- 
tended. 

3.7.1.2 Anastigmat. An anastigmat is a 
lens in which the astigmatic difference is 
zero for at least one zone in the image plane. 
In such & lens the other aberrations are 
sufficiently w«n corrected for the use in- 
tended. 

3.7.1.3 Apachromat. An apochromat is a 
lens in which lateral and longitudinal chro- 
matic aberrations are smaller than the sec- 
ondary' spetf riim residual in ordinary glass 
achromate, snd three wave length* are 
brought to a common focus. The other aber- 
rations are sufficiently well corrected for the 
use intended. In some cases wherein the 
color corrections are not carried to the ulti- 
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mate degree, the lenses are sometimes called 
aemi-apochromats. 

3.7.2 Reflection reducing coating*. Reflec- 
tion reducing coatings on glass to air sur- 
faces of elements consist of thin films of 
transparent substances. These substances 
are so applied and their indices of refraction 
so chosen that they form permanent hard 
coatings which substantially reduce reflec- 
tance at the surfaces for the spectral region 
to be used. 

3.7.3 Environmental range. The maximum 
range of temperature, pressure, humidity, 
vibration, and biological conditions under 
which a lens can operate and be stored con- 
stitute its environmental range. The range 
required depends upon the intended ose. Ex- 
cept when" specified, the metrical and per- 
formance values covered by tiüs standard 
apply to normal room temperature and pres- 
sure conditions. 

3.74 Optical glass. Optical glass is a glass 
which during manufacture is carefully con- 
trolled with respect to composition, melting, 
heat treatment, and other processing in 
order that its optical characteristics, such 
as indices of refraction, dispersion, trans- 
mittance, spectral transmittance, freedom 
from birefringence, atmospheric stability, 
etc^ have the values required for the optical 
application for which it is to be «sed. 

3.7.4.1 Refractive index. When a ray is re- 
fracted at the surface of separation between 
air and a medium, the ratio of the sine of the 
angle of incidence in the air to the sine of 
the angle of refraction in the medium is 
equal to the refractive index of the medium. 

3.7.4.2 Diepermon. Dispersion is the diffe- 
rence in refractive index between the C and 
F lines of hydrogen (in the absence of more 
specific requirements). 

S.7.4JL1   Diepertwe   power.   Dispersive 

r 
power is the ratio of the dispersion from C 
and F to the refractive index of Sodium- 
no—1. 

3.7.4JL2 Abbe v number. The Abbe v num- 
ber is the reciprocal of the dispersive power 
and is equal to (n0—l)/(nf—no). 

3.7.4.3 Double refraction. When a light 
ray is transmitted through an anisotropic 
material, it is in general resolved into two 
rays polarized in perpendicular directions. 
This phenomenon is called "double refrac- 
tion.'' It also occurs in a homogeneous 
material such as glass when elasticaHy de- 
formed or internally stressed. The maximum 
difference in index of refraction for rays 
polarized in different directions is called the 
"birefringence" of the material. 

3.7.4.4 Chemical durability of glaes. 
Chemical durability of glass is the resistance 
which the polished glass sample shows the 
corroding action of water, atmospheric 
agencies, and aqueous solutions of acids, 
bases, and salts. 

3.7.5 Internal svrfacee. Internal non-opti- 
cal surfaces of lenses and lens mounts con- 
tribute to veiling glare by light reflected 
from them into the image space. Consequent- 
ly, where needed so as not to contribute to 
veiling glare, lens barrels and, in some in- 
stances, lens cells should be knife-edge 
baffled; lens edges, mounts, barrels, cells, 
seats, and bores should be finished with a 
dull black light-absorbing material. 

3J BEAUTT DEFECTS. Beauty defects 
are those imperfections of components and 
elements of an optical system which do not 
affect the optical characteristics. They are 
undesirable but may be accepted if they do 
not cause a significant dsgi adation of image 
quality or environroerHl stability. The 
various imperfections classified as beauty 
defects are as follows. 
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3.8.1 Material defect*. 

&£X1 Bubbiet. Bubbles are air or gaseous 
inclusions entrapped witiiin the glass. 

3.8.1X1 Seeds. Seeds are very small bub- 
bles. 

3X1X2 Air belle. Air bells are irregularly 
shaped bubbles. 

3X3X Crack». Cracks are shallow separa- 
tions or breaks in the glass. 

3X1.3 Feathers. Feathers are powdered 
surfaces folded into the glass in the pressing 
process. 

3.8X4 Fold», or Jap». Folds, or laps, are 
areas in which the glass has been folded 
upon itself but not fused. 

3.8X5 MtUdne*».. MiMness is caused by 
cloudy or müky areas within the glass. 

3.8.1.« Stone». Stones are fragments of 
undissolved material in the glass. 

3.8X7 Strain. Strain is tension within the 
glass caused by inadequate annealing or im- 
proper mounting. It is an area of index of 
refraction differing from the nominal. 

3.8X8 Striae. Striae are steaks or veins in 
the glass with the index of refraction differ- 
ing from that of the body of the glass. 

3.8X8.1 Ream». Reams are fine bands of 
striae. 

3.8X8.2 Cord». Cords are streaks of very 
heavy striae. 

3.8.2 Manufacturing defect». 

3.8X1 Blisters. Blisters are bubbles in a 
cement layer. 
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3.8X2 Bvrns. Burns are reddish stains 
generally ground on the central areas of 
elements. They are usually caused by the 
drying-up or glazing of a polisher. 

3.8X3 Cement »tarts. Cement starts are 
spots where the components of a cemented 
lens have started to separate. They can be 
small irregular spots between the elements 
or run-ins at the edge, insufficient cement, or 
cement at the edge dissolved by a solvent 

3.8X3.1 Run-ins. Run-ins are cement 
separations at the edge of a cemented com- 
ponent. 

3£X4 Chip». Chips are areas from which 
glass has been broken away from the sur- 
face, edge, or bevel of an optical element 

3.8X5 Crack». Cracks are breaks in the 
glass. 

3X2.6 Dig». Digs are breaks of the polish- 
ed surface of a round, oval, square, etc, 
shape including pits, holes, and surface 
broken bubbles. 

3X2.6.1 Dirt holes. Dirt holes are dig- 
filled with rouge. 

3.8.2.7 Dirt. Dirt consists of dust liut, or 
other foreign matter on the surface or en- 
trapped in a cement layer. 

3.8X8 Graynee». Grayness is represented 
by finely ground areas indicating incomplete 
or improper polishing. 

3.8X9 Mold mark». Mold marks crz 
marks on the surface produced by mold'^c 

3X8.10 Orange peel Orange peel is pcsrly 
polished surface, pock-marked with pits. 
having much the same surface appearance 
as the skin of an orange 

3.8X11 Poor polish. Poor polish pertains 
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to polished surfaces containing minute pits 
of a gray or red color. They are gray grind- 
ing pits in the surface of the glass, or red 
grinding pints in which rouge has been so 
deeply embedded that it has to be removed 
by further polishing. 

3.&2.12 Scratches. Scratches are furrows 
or grooves in the surface of the glass caused 
by the removal of glass, usually made by 
coarse grit, fragments of glass, sharp tools, 
etc, rubbed over the surface. 

r 
3.8.2.13 Smears, scum, water spots, etc. 

Smears, scum, water spots, etc, are residue 
of evaporated or unevaporated moisture. 
They are usually removable by "normal" 
cleaning. 

3.8.2.14 Stain. Stain is a discoloration of the 
glass surface, usually brown, blue, or green, 
caused by the deposit of foreign matter, or 
changes produced on the surface of the glass 
by chemical action of some substance with 
the glass. 

4. GENERAL REQUIREMENTS 

4.1 MARKINGS. 

4.1.1 Lens markings. Lens markings, such 
as maximum aperture, focal length, field of 
view, and serial number shall be placed on 
the front of the lens cell or on the barrel if 
space limitations so require. The lens name 
and serial number shall be assigned by the 
manufacturer. 

4.1.2 Cell marking. Lenses supplied in cells 
or constructed with removable cells shall 
have all cells permanently marked with at 
least the last three digits of the lens serial 
number. 

4.1.3 Maximum aperture. All types of lens- 
es, except types X and XI, shall be marked 
with their maximum aperture stated either 
as the relative aperture, aperture ratio or 
T-stop. 

4.1.3.1 The symbol for relative aperture of 
a lens shall be f/ followed by the numerical 
value, for example f/2.0." 

4.1.3.2 The symbol for the T-stop of a lens 
shnl! be T followed by a space and then the 
numerical value, for example T 2.2. 

4.1.3.3 f-numbrr}7 The effective diameter 
AJBaricaa 8lu4urf UM kpmrtar» Martin««.  1*1 4.1—1»*0 

of the maximum aperture of the lens shall 
be at least 95 percent of the quotient obtain- 
ed by dividing the marked focal length by 
the f-number corresponding to the maximum 
marked aperture. 

4.1.4 Iris diaphragm control marking. 

4.1.4.1 Full stop.17 The standard series of 
diaphrr.gm markings, or stop openings, shall 
be 0.7, 1.0, 1.4, 2.0, 2.8, 4.0, 5.6, 8, 11, 16, 22, 
32. 4b. 64, 90, and 128. 

4.1.4.2 Maximum apertvre witte." The f- 
number corresponding to the maximum aper- 
tnre, T-number, or aperture ratio value 
marked need not be selected from the above 
series but shall be followed by the above ser- 
ies of stop openings beginning with the ne::t 
largest number whenever practical and pro- 
gressing as far as required in the individual 
application; e.g., for an f/1.9 lens the dia- 
phragm might be marked f/1.9, 2.8, 4.0, 5.6, 
8. etc., if it was believed that to mark it 
f/1.9, 2.0, 2.8, 4.0. 5.6, etc., would confuse 
the marking at the f/1.9 end of the scale. 

4.1.4.3 Fractional stop valuer. In addition 
to the numbered values, each stop may be 
divided into three s'lho! ■■s'ons by dots or 

marks (not numbered), the dots being at 
"thirds of a stop." e.g., 0.7, 0.8, 0.9,1.0, 1.12, 
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1.26, 1J>, 1.5, 1.7, £.0, 2.2, 2.5, 2.8, 8.2, 8.6, 
U.0; 4.5, 5.0, 5.5^;, 6.3, 7.1, 8.0, 9.0, 10.0, 
11.(3), 12.7, 14.2, 16, 18, 20, 22.(6), 25, 28, 

4.1.4.4 Tolerance of marking. For a lens 
marked in relative apertures, if the setting 
for a given indicated value is made by pro- 
ceeding from a larger to a smaller opening 
(to insure constancy of direction for elimina- 
tion of backlash), the marked value shall 
not be in error by more than one-third of a 
stop (plus or minus 12 percent of the dia- 
meter or plus or minus 25 percent.of the 
area of the effective aperture). Under simi- 
lar conditions, if the lens is graduated in 
T-stops, the errors shall not exceed  one- 
tenth of a stop (plus or minus 7 percent of 
the central image illuminance). 

4.1.5 Focal length.1* 
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4.1.5.1 All lenses which are. marked witfc 
the equivalent focal length shall indicate 
this value by the letters EFL followed by the 
numerical value either in the English or the 
Metric system as required by the individual 
application. 

4.1.5.2 The accuracy of the marked focal 
length shall be as required by the individual 
application. 

4.L5.3 Accuracy of focusing scales. Focus- 
ing scales, when required, shall be accurate- 
ly marked to indicate the correct focus posi- 
tion of the corresponding lens to an accuracy 
of =fcds, where ds = CN. N is defined by 
equation (2) in 3.2.2, and C is a constant 
which may be related to the circle of con- 
fusion or the permissible resolving power. 
The value of C is determined by the individ- 
ual application. 

5. DETAIL REQUIREMENTS 
5.1  METHODS OF TEST AND MEAS- 

UREMENT. This section deals with methods 
of testing and measuring properties related 
to Photographic lenses. In many cases par- 
ticular details are not provided but will be 
determined   by  the individual  application. 
Whenever alternate methods of testing or 
measuring are given, the method shall be 
employed   which   is   most   convenient   and 
which best agrees with the intended use of 
the lens. When this standard is used in refer- 
ence to  the procurement  of  photographic 
lenses, only those tests specifically designated 
shall be used in the examination of the prod- 
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uct. The procurement shall also clearly state 
which tests apply to 100 percent inspection 
and which tests are to be used only for the 
examination of samples. 

5.1.1 Test apparatus. The criteria to be 
used in judging the suitability of test ap- 
paratus are as follows: 

5.1.1.1 Coüimator. A rollimator is a device 
by which a test object (pinholc, resolution 
chart, etc.,) is made to appear at an infinite 
distance from the observer. It commonly 
consists of a well-corrected telescope objec- 
tive or catadioptric system with the test 
object mounted accurately in the focal plane. 
The coüimator aperture relative to the lens 
shall be such that the entrance pupil of the 
lens is filled with light of uniform Hlum.- 
nance from every part of the collimator 
field. 

5.1.1.2 Optical bench and nodcl elide. The 
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microscope objective on the test bench shall 
have a numerical aperture "n sin a" greater 
than "n sin a" (see equation (2) in 3^2) of 
the lens being tested. When examining the 
edge of the field of a lens, the numerical 
aperture of the microscope objective shall be 
sufficiently large to permit it to intercept 
both principal and edge rays. Alternately, 
the microscope may be mounted on a verti- 
cal -pivot permitting this to be accomplished. 
In this case, the axis of the pivot must pass 
through the object point of the microscope. 
For reference, table I shows the numerical 
apertures and their corresponding f-num- 
bers. 

TABLE I 

r 

Naswrical mttaw f-numbw 

0.01T5 f/28.7 
0.0349 f/14.3 
0.0523 1/9.55 
0.0698 1/7.15 
0.0872 1/5.74 
0.1737 1/2^8 
0.2588 1/1.93 
0.3420 1/1.46 
0.4226 1/1.18 
0.5000 1/1.00 
0.5736 1/0.872 
0.6428 1/0.778 
0.7071 1/0.707 
0.7660 1/0.653 
0.8192 1/0.610 
0.8660 1/0.577 
0.9063 1/0.552 
0.9397 f/0.532 
0.9659 1/0.-18 
0.9848 f/0.508 
0.896*. f/0.602 
1.0000 1/0.500 

5.1.1.3 Infinity. When testing a lens at "in- 
finite" focus by means of a target at a finite 
distance, the distance 3hall be considered ap- 
proximately infinite when it is greater than 
D measured in feet 

fD = 400 fd (12) 

where d is the diameter of the effective aper- 
ture in inches, and f is the EFL in inches 

of the lens being tested. The distance D is 
not to be used in determining the EFL di- 
rectly, unless a suitable correction is made 
for the plane of best infinite focus. However, 
a distance D may be used for focusing and 
checking resolution of fixed focus cameras 
and cones at infinity. For checking infinity 
focus resolution only, designated values less 
than that of D in formula (12) may be used 
unless, as in some cases, there is a noticeable 
loss in resolving power when a lens intended 
for use at infinity is tested at finite distance. 

5X1.4 White light. White light will usual- 
ly be used in conducting all tests. For most 
photographic tests, the spectral composition 
of "white light" is not critical and any source 
of light, ordinarily considered free from 
color, may be used. For purposes of this 
standard, white light is defined as black body 
radiation of 2750°K to 6000°K- When re- 
quired, the white light may be filtered to a 
particular color. (The detailed specification 
shall state whether or not the filters supplied 
with the lens shall be used when conducting 
resolving power tests.) 

5.1.1.4.1 Flash discharge lamps. Flash dis- 
charge lamps will be permitted for makinjr 
test exposures provided care is taken to in- 
sure controlled charging of the lamp conden- 
ser so that successive exposures are approxi- 
mately equal during the photographic test- 
ing process. 

5.1X5 Photographic plates and fUm. The 
photographic sensitized material and the 
processing used in the testing of all types of 
lenses shall be the kinds most commonly 
used with the type of lens being tested. (See 
5.1.212.1.) 

51.1.6 Test conditions. Unless particularly 
required by the intended uses, all tests and 
measurements shall be conducted wilier HOT« 

mal room conditions. 

5.1.1.7  Resolving power  target. The re- 
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solving power target used on all tests shall 
be as follows: The target shall consist of a 
series of patterns decreasing in size as the 
V2", t2, flTwith a r^nge sufficient to cover 
the requirements of the lens-film combination 
under test. The standard target element shall 
consist of two patterns (two sets of lines) 
at right angles to each other. Each pattern 
shall consist of three lines separated by 
spaces of equal width. Each line shall be five 
times as long as it is wide. (See Figure 7.) 
For types I and II lenses, targets witti light 
lines on a dark background are preferred; 
for types IV, VI, VII, XII, XII lenses, tar- 
gets with dark lines on a light background 
are preferred. The target contrast (the dif- 
ference in photographic density between the 
lines and spaces) shall be either high, medi- 
um, or low contrast, as specified. 

"H -*c- fc- -%• 

FICUBE 1. Standard Rtsolvinp Power Test Target 
Element. The pattern» of line» are parallel line» 
tJS st millimeter» long and OJ x millimeter» wide 
with »pace 0.5 x ■millimeter» wide between the paral* 
Ul line», where * equal» the number» of lint» per 
millimeter. 

5.1.1.7.1 High contrast target. A high con- 
trast target is one in which the density dif- 
ference between the light and dark areas is 
greater than 2.00. 

5.1.1.7.2 Medium contrast target. A medi- 
um contrast target is one in which the den- 
sity difference between the light and dark 
areas is equal to 0.80 ± 0.05. 

5.1.1.7.3 Low contrast target. A low con- 
trast target is one in which the density dif- 
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ference between the light and dark areas is 
equal to 0.20 rfc 0.05. 

5.1.2 Test methods. 

5.1.2.1 Plane of best defimtion. The plane 
of best definition is usually determined by 
making a series of evaluations at a sufficient 
number of focal settings. The distance be- 
tween focal settings in hundredths of milli- 
meters shall be at least 

f-number of lens 
no. of lines/mm. expected 

The detailed specification shall state the 
method used in determining the plane of best 
definition. 

5.L2-2 Equivalent focal length. 

5.1.2^.1 Method 1 — Photographic meth- 
od.1* The EFL shall be measured by placing 
a photographic plate fin the focal plane of the 
image space. Unless otherwise specified, the 
focal plane is defined as the place of best 
photographic imagery for an infinity distant 
axial point; the focal plane may also be spe- 
cified as the plane of best definition. A colli- 
mator and reticle may be conveniently used 
to provide an infinitely distant object point 
Exposures are made with the beam of light 
from the collimator directed along the op- 
tical axis of the lens and a series of angles 
ßu ßt, etc. On the resultant negative, meas- 
urements shall be made of the distances 
/„ y„ etc., from the axial images to the 
images corresponding to the angles ßu ßt. 

Y* Y* 
etc., and the quotient 

tan0, tan£, 

etc, formed. The limiting value of this quo- 
tient as ß approaches zero is the EFL. In a 
photographic objective free from distortion, 
the quotient is invariant with respect to the 

* Aiurricin   RUnd»n!   HvtHcxb   lor   Dwlfnatlnf   1>i  Mauor- 
In«    Focal l*nrl>" »"d Toe»l DUUnea« of PSc*o«rT»pblc l*nmm. 
ZM4.tl-|Ml 
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value of ß. For many photographic purpose« 
the distortion is negligible for points distant 
from the center of the useful field not more 
than one-fifth of its radius, and consequent- 
ly, it will very often be possible to obtain a 
satisfactorily accurate value of the EFL 
by a single determination of ß and / for a 
point lying near the axis. 

5.1.2-2.1.1 Method 1A — Combination 
method. The EFL also may be determined 
by adding the photographic BF to the dis- 
tance from the rear vertex to the emergent 
nodal point The latter distance may be de- 
termined by Method 2. 

5.1.2.2.2 Method S — Nodal slide method. 
The lens to be tested shall be mounted on a 
nodal slide to rotate about the vertical axis 
through its second nodal point The distance 
from this nodal point to the position of best 
axial focus for an infinitely distant object 
point shall be measured. This is also known 
as the second principal "focus. (An important 
factor or uncertainty in using this method 
is the difference between the position of best 
focus as judged visually on the optical bench 
and the best focus as determined photograph- 
ically by method 1). When using this meth- 
od, the criterion for determining the best 
axial focus should be specified. The criterion 
used is dependent on the type of test objsct 
or target used and may be specified in terms 
of either the haze position or the position of 
greatest concentration (see 3.6.9.1.1 and 
8.6.9.1.2) or in terms of the color in and 
around the image. 

5.1.2.3 Calibrated focal length. When de- 
termining the calibrated focal length, the 
plane of best average definition shall be 
chosen as the focal plane. To compute the 
calibrated focal length, let /„ «/,. etc, repre- 
sent the distances in the focal plane from 
the axial point to the imaues of m»R**ety 
distant object points lyin* in the directions 
making angles ßu ßt, etc.. with the optical 
axis of the objective. If f is the equivalent 

focal length in the absence of distortion, then 
/~ 

(13) 

(14) 

(15) 

yx - f tan ßi 
Y, = f tan ß, 

and     /. = f tan ßm 

In the presence of distortion 

y\ => f tan fix + A • Yi 
y, = f tan ßt + A • /, 

and     /. = f tan ß. + A /. (16) 
The added terms are the values of the linear 
distortion for values ßlt ß» etc, respectively. 
The values of / and ß are measured directly. 
It is evident that the individual values of the 
distortion defined by the above group of 
equations can be changed by changing the 
value of f. If f is the equivalent focal length, 
in many instances values of the distortion in 
the neighborhood of the axial image point 
will be small, and near the edge of the field 
the values will be large and predominantly 
negative or positive. Infinitely distant targets 
may be provided by a group of collimators 
or by one collimator which can be succes- 
sively placed in the required angular posi- 
tions. Exposures shall be made and the / cor- 
responding to each angular distance from 
the optical axis shall be determined. 

5.1.2.4 Back focal distance." To determine 
the BF, the focal plane in the image space 
shall be determined by a visual or photo- 
graphic method. The measured distance from 
this focal plane to the vertex of the back 
surface of the lens shall be the required BF. 

5.1.2.6 Flan** focal distance." To deter- 
mine the FD, the focal plane in the image 
space shall be determined by a visual or 
photographic method. The measurement 
shall be made from the plane of the locating 
surface or the flange to the focal plane. 

5.1.2.6 Front focal distance.1' To deter- 
mine the FF. the focal plane in the object 
space shall be  determined by ,i  visual  o<" 

f 
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photographic method. The measured distance 
from this focal plane to the vertex of the 
front surface of the lens shall be required 
FF. 

5.1.2.7 Front vertex back focal distance. 
To determine the FVD, the focal plane in 
the image shall be determined by a visual or 
photographic method. The measured dis- 
tance from the vertex of the front surface 
of the lens to the focal plane shall be the 
required FVD. 

5.1.2.8 Aperture ratio. For the special case 
in which the object is at infinite distance 
(magnification = 0), N, the first member 
of the ratio equation (2) in 3JL2, may be 
determined as the quotient obtained when 
the EFL is divided by the diameter of the 
effective aperture. 

5.L2.8J For the general case in which the 
magnification may have any value, a pin- 
hole should be mounted at the axial point of 
the desired image plane, and the angle of 
the cone of light emerging through the pin- 
hole from the lens should be determined by 
measuring the diameter of a right section 
of the cone at a suitable distance beyond the 
pinhole. The angle a can be calculated from 
the measurements and substituted in equa- 
tion (2). If n is the index of refraction of 
the medium in which the angle o is meas- 
ured (n = 1 for air, used in the great ma- 
jority of cases), the second member of the 

1 
aperture ratio is    

2n sin a 
When measuring the aperture ratio by the 
method of this paragraph, the angular sub- 
tense of the object point at the first nodal 
point of the photographic objective must be 
small as compared with the value of the 
angle a between the optical axis of the ob- 
jective and the extreme ray proceeding to 
the image point. 

5.1X9 Effective aperture. 

M&-CTD-150A 
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5.1.2J.1 Method 3 — Microscope meth- 
od,** A traveling compound microscope is 
required with means for translating the 
microscope in a direction at right angles to 
its optical axis through a measured distance 
not less than the diameter of the maximum 
effective aperture to be measured. The micro- 
scope must be of low power (10X to 20X) 
provided with a reticle and with a working 
distance sufficiently long to permit the micro- 
scope to be focused on the limiting opening 
of the photographic objective through the 
front member. The photographic objective, of 
which the effective aperture is to be meas- 
ured, shall be mounted in a convenient posi- 
tion to permit the traveling microscope to 
be directed parallel to the optical axis of the 
objective and focused upon the edge of the 
opening having the smallest apparent dia- 
meter. (The photographic objective is not 
to be disassembled.) This edge shall be 
viewed through the lens elements which are 
normally traversed by image-forming light 
before passing through the limiting open- 
ing. A microscope having a long working 
distance is required to avoid mechanical in- 
terference when looking through the lens 
elements. A microscope shall then be trav- 
ersed and measurements made to determine 
the apparent diameter of this opening which 
shall be the effective apettur. In place of a 
traveling microscope, a suitable contour pro- 
jector may be employed to measure the ef- 
fective aperture. If the lens has a non-circu- 
lar aperture, the measured diameter must be 
suitably corrected. 

5.1.2.9.2 Method U — Point eovree meth- 
od." When it is not practicable to use a 
microscope of sufficient working distance to 
permit the limiting opening to be observed 
through the lens elements, s source of light, 
as small as practicable and emitting a cone 
sufficiently large to fill the lens, may be 
»Awte tuatmri 

SM4.M.IMI. 
■ tarhu Stafeftf A»«*»*« Ga)lto«tiMi *t Mod« rieten 

23 



MIL-STD-150A 
12 Moy 1959 

placed at the second principal focus and 
directed toward the objective; the diameter 
of the emergent beam should be measured 
as near the front of the objective as is prac- 
ticable. This method is subject to a systema- 
tic error, the value obtained always being 
too large, because of the finite size of the 
source. 

5.1.2.10 T-number and transmittance. The 
equipment specified in methods 5 and 6 for 
determining T-stops and transmittance of a 
lens represents workable apparatus. How- 
ever, modifications are permitted provided 
that the basic requirements of the method 
and the specified accuracy are met (See 
3.2.6 and 4.1.4.4.) 

5.1.2.10.1 Method 5 — Extended source 
method.** This method of lens calibration is 
based on filling the lens with light from an 
extended uniform source of adequate size and 
placing in the plane of best definition of the 
lens a metal plate with a hole, the diameter 
of which shall not exceed 3 millimeters (or 
1.5 millimeters for 8-millimeter film), at its 
center. The light fiux passing through the 
hole shall be measured by a photocell ar- 
rangement. This fiux shall then be compared 
with the flux passing through a hole of the 
same dimensions from an open circular aper- 
ture of such a size and at such a distance 
from the plate that it subtends the desired 
angle a so that sin a = Vfc T, 
where T is the T-number to be 
measured. The greatest care is necessary 
to insure that the extended source is uni- 
form. In practice, the photocell reading for 
each whole T-number is first determined for 
a series of open apertures at a fixed distance 
from the plate. The lens is then substituted 
for the open aperture with the 3-millimeter 
hole accurately in its focal plane and the 
iris of the lens closed down until the photo- 
cell meter reading produced by the lens is 
equal to each of the successive open hoi? 

» Eh»  footnote  IT. 

i eadings. The full T-stop positions are then 
marked on the diaphragm ring of the lens. 
The intermediate thirds of stops may be 
found with sufficient accuracy by inserting 
a neutral density filter of 0.1 and 0.2 behind 
each open aperture in turn and noting the 
corresponding photocell readings or by di- 
viding the travel of the diaphragm control 
into three equal parts. The extended source 
should be uniformly bright over its useful 
area to within :±3 percent (This could be 
tested with a suitable telephotometer, or a 
small hole  in an opaque screen could be 
moved around in front of the source and 
any consequent variations in photocell read- 
ing noted.) The source may be a sheet of 
ground glass covering a hole in a whitelined 
box containing several lamps mounted around 
the hole and shielded so that no direct light 
from the lamps falls on the ground glass 
itself. The photocell receiver may be of the 
phototube type with a simple d-c amplifier. 
Care must be taken to insure that photo- 
tube sensitivity does not change between 
marking readings on the open aperture and 
on the lens itself. To guard against this, some 
turret arrangement is desirable, with the 
lens on one side and the open aperture on the 
other, so that the two may be interchanged 
and compared quickly with each other by 
turning the turret Transmittance of a lens 
shall be measured at the maximum relative 
aperture in a direction parallel to the optical 
axis of the lens. Transmittance is equal to 
C/R where C is the calibrated photocell read- 
ing with the lens in place, and R is a similar 
reading when a clear circular aperture is in 
place, subtending an angle a at the hole in 
the front of the photocell so that sin a «= 
i^N, where N is the second term in the aper- 
ture ratio of the lens to be tested. (See S.2£.) 
The value of N must be the true value, which 
may differ *rom that indicated on the bar- 
rel. 

5.1.2.10.2 Method 6 — CoUimator meth- 
od.1*  In   this  method,  light from  a  small 

r 

" SM   lootnnU   17. U. 

24 



V 

source  (a ^millimeter hole covered with 
opal glass and strongly illuminated from be- 
hind) shall be collimated by a simple lens, 
or an achromat if preferred, of a focal length 
at least three times the EFL of the lens be- 
ing tested and of sufficient aperture to fill the 
lens being calibrated. This gives a colli- 
mated beam which will be focused by the 
test lens to form a small circle of light in its 
focal plane. This circle of light will be less 
than the prescribed limit of 8 millimeters 
diameter. Uniformity of the collimated beam 
can be checked by moving a small hole in 
an opaque screen across the beam, and noth- 
ing any variations in the photocell reading. 
For the comparison unit, an open aperture 
shall be used, of diameter equal to the focal 
length of the lens divided by the desired T- 
xmmber. This aperture shall first be mount- 
ed in front of an integrating sphere of ade- 
quate size with the usual photocell detector 
and the light from the collimator allowed 
to enter the aperture. The aperture plate 
shall then be replaced by the lens, the iris 
diaphragm closed down to give the same 
photocell reading,  and  the T-number  en- 
graved on the iris ring. The intermediate 
thirds of stops can be found by using 0.1 or 
0.2 density filters, or by dividing the travel 
of the diaphragm control into three equal 
parts. To guard against "drift" or line-volt- 
age variations which might occur between 
readings of the comparison aperture and the 
lens, it is «mvenient to leave the known 
standard aperture in place in front of the 
sphere, and to insert the Tens into the beam 
in such a position that the small image of 
the source falls wholly within the standard 
aperture. The meter reading should then re- 
main the same wjtfc the lens in or out of the 
beam. A second plate with a »-millimeter 
aperture should t* placed over the compari- 
son aperture while the lens is in place to 
stop any stray l*fht which may be reflected 
from the interior of the lens. It should be 
noted particularly that if this method is 
mmd, tfes focal length of the lens must be 
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measured separately snd a suitable set of 
open apertures constructed for use with it. 
However, by suitable devices, one single set 
of fixed apertures may be used for all lenses. 
Transmittance of a lens shall be measured at 
the mftTJTnTttrt relative aperture in a direc- 
tion parallel to the optical axis of the lens. 
Transmittance is equal to C/E where C is 
the calibrated photocell reading with the 
lens in place, and R is a similar reading when 
a clear diaphragm (equal to the lens effective 
aperture) is in place. 

5.1.2.11 Relative iOumination. 

5.1X11.1 Method 7 — Extended source 
method. This method of measuring relative 
illumination makes use of the same appara- 
tus and techniques specified in method 6. 
With the lens to be measured set up in the 
apparartus, the photocell shall be displaced 
laterally tc the position corresponding to the 
required angular positions, and the corres- 
ponding percentage of axial illuminance for 
each position is found from a calibration 
curve of the photocell meter. 

5.1.2.11.2 Method S — Collimator method. 
This method of measuring relative illumina- 
tion makes use of the same apparatus and 
techniques specified in method 6. With the 
lens to be measured set up in the apparatus, 
the lens shall be rotated through the desired 
field angles ß and the photocell readings 
compared "*rifch the readingB for the lens on 
axis. The percentage of light flux transmit- 
ted can then be read off a calibration curve 
for the photocell system and converted to 
desired percentage illuminance by dividing 
by cos» ß. 

5.1.2-11.3 Method 9 — Densit ometric meth- 
od. This method of measuring relative illu- 
mination makes use of the same apparatus 
and techniques as specified in method» 5 a»d 
6, except that a photographic plate is substi- 
tuted for the photocell when the extended 
source is used, snd for the integrating sphere 
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when a collimator is used. In the latter case, 
the image produced by the lens should be 
in sharp focus on the emulsion plane. The 
exposures are made on the axis and at the 
required angular positions off axis. The ex- 
posure times shall be the same at all the 
positions. The densities of the exposed and 
developed images shall be measured and the 
relative iUuminance determined using the 
sensitometric curve of the emulsion» obtain- 
ed by exposing a calibrated step-wedge. 

5.1.2.11.4 Method 10 — Indirect amputa- 
tion method. The indirect computation of il- 
luminance distribution from dimensions of 
the lens are outlined in this section. The 
method in this case is for a lens while in the 
design stages, or in determining the illumi- 
nance distribution of an actual lens when no 
convenient photometric equipment is avail- 
able. 

5.1.2.1L4.1 Distortionless lent with object 
at infinity. The case where the object is at 
infinity is applicable to most photographic 
objectives «encountered in aerial and ground 
photography. The field angle of such a lens 
is always expressed by the obliquity angle 
*, in the object space. The desired relative 
illumination is given by: 

R = cosV (17) 

^here E is the illuminance at the point in 
the image which corresponds to the obliquity 
angle 4> in the object space, and E, is the 
illuminance at the center of the field. S* and 
S« are, respectively, the beam section sreas 
of the oblique and axial beams at the chosen 
reference plane in the object space. The area 
S* will in general be smaller than S* due to 
vignetting, but in some unsual lenses. S$ 
may be somewhat greater than S~ 

5.1JLU.4.2 Distortionless lens with finite 
object distance. The relative illumination R 
can be computed either in the object space 

or in the image space depending on which 
is more convenient The illuminance at angle 
4> is given by the integral: 

E> = K/cos*edS = K'/cosV dS'     (18) 

where K and K' are constants independent 
of obliquity. The integrals are to be taken 
over the respective beam sections. The in- 
tegrals are necessary because * and ¥ vary 
from point to point over the beam sections. 
If the aperture is small, the integral becomes 
unnecessary and then: 

E* = KSe cos** = K'S'e cos4*' (M) 

The relative illumination is then found by 
evaluating E> and E« for an oblique and 
axial beam and taking the ratio R = EVE.. 

5.L2J1.4.3 Distorting lens with object at 
infinity. This differs from the previous case 
because the distortion will have a consider- 
able effect on the distribution of illuminance 
expressed as a function of the entering obli- 
quity angle ♦. In this case the relative il- 
lumination becomes: 

E* S*       f* sin ♦ cos ♦ 
R = 

E, fc' (dh') 

(d*) 
(20) 

S* and S« are the areas of the beam sections 
for the oblique and axial beams at the chosen 
reference plane in the object space; ♦ is the 
obliquity angle in the object space, f is the 
focal length of the lens and h' is the image 
height. By measurements or computations 
on the lens, a relation can be established 
connecting h' with ♦. from which the value 
of the derivative dh'/d* can be found at any 
desired point in the field. For a distortion- 
l«w lens, h' = £ tan ♦: in that special case 
nation.   (20)  simplifies to equation  (17). 

5.1.2.11.4-4 Distorting lens unth Unit* ob- 
ifc.t distance. The imajre space equations (18) 
or (19) hoH independent of the distortion of 

r 
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the lens. If it ie desired to use the data of 
the object space, equation (18) becomes: 

Ee = K Jcos« ♦ 

(dh) 

dS 
(21) 

where K is a constant different from that 
used in equation (18), h is the object height, 
and h' the height of the image of that ob- 
ject. The derivative dh'/dh must be found by 
determining an algebraic relationship be- 
tween h and h'. If the aperture is sufficient- 
ly small, * will not vary greatly over the 
beam section and the equation may be re- 
duced to the approximate form. 

Ee = K 
h' (dh') 

(dh) 

■S* cos** 

(22) 

5.1.2.11.4.5 Monocentric lens. In the case 
of a lens having a common center of curva- 
ture to all the surfaces and a concentric 
image surface, the relative illumination con- 
tains only one cosine, namely : 

E* Se 
R = cos* (23) 

5.1.2.12 Resolving power. When specifying 
or measuring resolving power, care shoirid 
be taken to consider the following pertinent 
factors: methods of tests, contrast of tar- 
get used, kind of and processing of photo- 
sensitive emulsion, whether filter is to be 
used, and magnification at which resolving 
power target images are read. For reading 
resolution, a ma#T.mcation of ihr lowest 
power which permit* convenient viewing will 
yield the highest resolution reading*. (The 
rule based on Selwyn's experiment ?0 that 

• t   W. H.  S«iwTT<    N.Uon.1   (form« of 9unil<><<> CM«.   !)■> 
UM and  MbM*r*»*4*t  ^„„1 MB. 49.   1MB 
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the numerical value of the magnification 
should equal the number of lines per milli- 
meter expected to be resolved can be con- 
sidered a rule of thumb.) 

5.1.2.12.1 Photographic resolving power. 
When conducting photographic resolving 
power tests by methods 11 and 12, the photo- 
sensitive material and processing should be 
in accordance with table II. 

5.1.2J2.1.1 Method 11 — Collimaior meth- 
od.*1 For lenses primarily intended for use 
on distant objects, such as types I, II. Ill, 
and V, this method should be used. The re- 
solving power target is placed at the prin- 
cipal focus of a collimator and illuminated 
with white light A filter of a specified color 
may be used and it shall be placed between 
the light source and the target It is recom- 
mended that in order to eliminate vibration 
effects, a flash discharge lamp be used as the 
light source and that the light from it be 
filtered if necessary to approximate white 
light (See 5.1.1.4.) Exposure can be con- 
trolled by means of neutral density filters 
between the light source and the target The 
lens to be tested shall be placed in tine cofti- 
mated beam from the target and a test plate 
or film made in a series of focal settings as 
described in 5.1.2.1. Unless otherwise spe- 
cified, the lens shall be set at the specified 
maximum relative aperture. With the test 
plate perpendicular to the optical axis of the 
lens, exposure shall be made of the test tar- 
get at the specified angular distance from 
the axis out to ?.nd including the multiple 
of the specified angle falling nearest the 
corner of the plate inside the picture format 
The specified ar.gie should be multiples *»f 
Wi degrees and should be spaced to «rovide 
5 increment» or more in the semi-fieki of the 
lens. The erposttr? time shall be the sam? 
for all anrular settings snd shall be the 

" 1» i—«Ka< 11. If t>w nwWm or*vr to Muvml hr r» 
tlclnit frp«c to* lint« p»i mlflui»rt*< ai \h» tarwt. STL «f tfc* 
foJLaulor. —4 EFI. of IM «act ton*. UM .-ahta abmtU a» *** 
"».•tad V? oraKJ!>*;>.( nuUr.l llm» jy tht r.wlnr ai ihm toV* mrii 
MM) tabccntlal IIIMB bj  the *»• of tk* ftsü» uiik. 
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TABLE U 

Pboteamaitiv* ASA Drrtlopna«t 
Lenatrp* Material Exposure Index IfUU») 

I 
(70-mm. format Panchromatic aerial 10 2.0 ± 0.10 

& smaller) 
(5-inch format Panchromatic aerial 80 1.5 ± 0.10 
& larger) 

II 
(70-mm. format Panchromatic aerial 10 2.0 it 0.10 

& smaller) 
5-inch format Panchromatic aerial 80 1.5  ± 0.10 

& larger) 
III Panchromati aerial 50 0.8 ± 0.10 
IV Panchromatic microfilm Maximum contrast 
V Panchromatic  (motion picture) 50-80 0.6 ± 0.10 

IX Panchromatic (portrait) 100 0.6 ± 0.10 
XII Panchromatic microfilm Maximum contrast 

XIII Panchromatic microfilm ... Maximum contrast 
XIV Blue sensitive.recording ... 1.5 ± 0.10 

exposure time which gives the highest re- 
solving power at the angular setting- nearest 
the angle equal to one-half the half angle 
of view. The different angular settings may 
be obtained by moving the lens and test plate 
about an axis near the entrance pupil or by 
moving the collimators, or by means of a 
series of collimators placed in the correct 
angular positions. The lens may be tested 
with or without the filter provided with it, 
as required. 

5.1.2.12.1.2 Method IS — Target range 
method. For lenses primarily intended for 
use at finite distances, such as types IV, XII, 
and XIII, this method should be used. Also, 
it may be used, when specified, for testing 
other types of lenses. Properly illuminated 
high contrast resolving- power targets shall 
be placed in the object space in a plane per- 
pendicular to the optical axis of the lens to 
be tested and spaced at the required angular 
distances. The distance from the lens to the 
plane of the targets shall be designated. 
When this method is used for testing lenses 
at infinity focus, either formula (12) in 
5.1.1.3 may be used to determine the proper 
distance, or some designated distance may 
be used. The test plate shall be adjusted per- 

pendicular to the optical axis of the lens and 
exposed for maximum resolution at the tar- 
get nearest the angle equal to one-half the 
half angle of view of the lens being tested 
and shall be moved in a series cf focal set- 
tings as described in 5.1.2.1. The sensitized 
material, processing, etc, shall be in accord- 
ance with table II. 

5.1.2.12.2 Method IS — Visual resolving 
power. When visual resolving power meas- 
urements are required (such as type X 
lenses), they will be made exactly like the 
photographic resolving power tests, except 
that the aerial image, when it is real and 
easily available, will be observed visually 
trader magnification. Method 11 or 12 in 
5.15.12.1 will be used as specified, depend- 
ing on the use of the lens. When the image 
formed by a viewfinder (type X lens) is a 
virtual image, a telescope stopped down to 
5 millimeters and placed at the eye position 
will be used to observe the image. In this 
cast the resolution shall be determined in 
tpm ^ nf r ^pecifiod test rhart at a spe- 
cified distance. In all cases where the image 
is formed on a ground glass, the ground glass 
shall be removed tn observe the aerial image, 
and the image shall be observed on a plane. 

9 
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5Ü1L3 Method U — Projected photo- 
graphic resolving power. This test is intend- 
ed to be used primarily for enlarging lenses 
(type VI). A target plate of the required 
size   containing   resolving   power   target« 
(light lines on a dark background) and of 
the required range, and located as shown in 
Figure 8, with one set of the lines in tangen- 
tial and the other set in radial direction, shall 
be placed in the object plane (film plane) of 
the lens to be tested. The targets shall be of 
high contrast. The target plate shall be even- 
ly illuminated by light from a condensing 
source. If required, the light shall be filtered 
to the color required by placing a filter be- 
tween the light source and the target plate. 
With the optical axis of the lens perpendicu- 
lar to the target plate, the lens shall be fo- 
cused at the designated magnification and 
aperture,   and  an  exposure made   on  the 
designated    photosensitive   material.    The 
photosensitive material shall be held fiat in 
a plane perpendicular to the optical axis of 
the lens. The correct exposure shall be that 
which gives the maximum resolution at posi- 
tion B of figure 8. The test plate is pro- 
cessed in the required manner. The resolving 
power shall be read by observing the dry 
test plate under suitable magnification. The 
figures referred to in measuring resolving 
power by this method are the lines per 
millimeter on the target plate. It is recom- 
mended that enlarging lens« be tested at a 
magnification of 1:2 using medium contrast 
glossy chlorobromide paper processed  V£ 
minutes in D72 developer, - diluted 1:2 at 
C8°F. 

5.11.12.4 Method 15 — Projected visual 
retotvino power** This test is intended to be 
used primarily for projection lenses (type 
VII). A test object of the required size con- 
taining high contrast resolving power targets 
(dark lines on light background) of tW re- 
quired ranye and placed as shown in Fijrure 

tor   Datwmbitar   ft—Win 
•I  UHM   la   frohiUin   («   II »in     S ii  füm   <«4 

U X t-fcMfc KUa.  TO   .11-iMT   (%-i-i  mi). 
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FlCtm E. Projected ReeoLvinff Power Tctl Plate 

under test upon a matte, white, gTainless 
screen. This screen shall be located at such a 
8 shall be projected by means of the lens 
distance from the projector that unless other- 
wise specified the long dimension of the pro- 
jected image will be at least 40 inches r> 
order that the observer will have no difficulty 
in distinguishing the number of lines resolv- 
ed. The resolving power of the lens at any 
point in tine field is the largest number of 
lines per millimeter in the teat object that an 
observer, close tc the screen, sees definitely 
resolved (easily counted) in both radial and 
tangential directions in the projected image. 
Care shall be taker, to inäur« that the screen 
is perpendicular tc tfco optical axis of the 
projection lens, and that the lens is fanned 
so that the image at the center of the test 
plate has maximum contrast. The projector 
used in this test may be a regular produc- 
tion model or a special test projector. The 
glass test object shall be fiat and held con- 
centric with and normal to the optical axia 
of the projection lens. The cone of light from 
the projection lamp through a condensing 
system ■hall completely fill the entrance pupil 
of the projection lens. The test object &&4li 
be uniformly illuminated. 

5.L2.13 Astigmatism and curvature of 
fieid, 

5.1.2.13.1 Method IS — lietolviv.g -power 
tax pet method. By meana of any of the meth- 
ods for measuriiic rarolvluR power sp?cifird 
in methods 11 through 16. resolving power 
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shall be determined for different positions 
of the test plate in the image space. The test 
plate or plates are exposed in small steps, at 
different distances along the optical axis of 
the lens. The length of each step depends 
upon the corrections, focal length, and aper- 
ture of the lens being tested. A sufficiently 
large number of steps shall be taken to in- 
sure at least three steps on each side of the 
best focus position for both radial and tan- 
gential lines at any angular position. Upon 
reading the targets, the position of best focus 
shall be determined (for radial and tangen- 
tial lines separately) at which the resolution 
is a maximum at each angular setting. These 
focus positions are plotted against angular 
settings, and two curves representing the 
two image surfaces are obtained. The curve 
representing curvature of field is a median 
drawn between the two curves representing 
the image surfaces. (See 3.6.3.) The astig- 
matic difference is obtained by taking the 
difference in the focal setting at a specific 
angle for the two image surfaces. 

5.1.2.13.2 Method 1? — Nodal nlide method. 
This method may be used in lieu of method 
16. In this method the lens to be tested shall 
be set up in front of a suitable collimator 
equipped with a tarjret containinc vertical 
and horizontal lines and centered so that the 
optical axis is parallel to the collimator axis 
and coincident with the axis of the observing 
microscope. The lens shall be moved along 
the microscope axis until the axis of rota- 
tion of the nodal slide intersects the rear 
node. The microscope shall be focused on the 
axial image and the position of the micro- 
scope noted.' The tens shaJ) then be rotated 
about the axis through the rear node and 
perpendicular to the optical axis of the lens. 
At multiples of angular positions of IVi 
decrees out to the edge of the field, the 
microscope shall be seDaratelv focused on the 
radid and tangential line«. The focal chanee 
from the axis position shall be noted at the 
antuhir field positions for the radial and 
tangential lines. To obtain curves such as 

specified in method 16. the factor f(l- 
cos /?)/cos ß is subtracted from the micro- 
scope settings, and this difference is multi- 
plied by the cos ß. If a fiat field bar is used 
at the microscope it is not necessary to sub- 
tract the factor f(l-cos 0)/cos ß. When 
curves are obtained, the procedure for deter- 
mining the curvature of field is the same as 
that in method 16. 

5.1.2.14 Color correction. When the image 
quality is found satisfactory on the basis of 
other applicable tests, the color correction 
can also be considered as satisfactory. Direct 
measurements of color corrections may be 
needed when some special color requirements 
are to be met These measurements may be 
specified in terms of minimum resolving 
power or limits on individual color correc- 
tions. 

5.1.2.14.1 Longitudinal chromatic aberra- 
tion. 

5.1.2.14.1.1 Method 18 — Photographic 
method. Photceraphic resolvinjr power meas- 
urmenents shall be made as specified in 
method 11 or 12. utüi-ing light of the colors 
designated, repeating the test for each color. 
The light used may be supplied by a mono- 
chromster or it may be filtered white light, 
as specified. The focus positions at which 
the maximum resolving power (AWAR un- 
less otherwise specified) is obtained shall be 
determined for each color. The longitudinal 
color aberration for a particular color is the 
difference in focal settinr for-this color and 
white lieht, or for this color and a specified 
color. When the focal setting for the first 
color is greater than the focal setting for the 
reference color or whit* light, the longitu- 
dinal chromatic aberration is said to be 
posi ive. Generally, the reference color 
shot d be towards the red end of the tpec 
tral range under consideration. 

5.1.2.14.1.2 Method 19 — Nodal ilide metli- 
öd. When specified, a nodal slide optical 
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bench may be used instead of a test camera 
as in method 18. 

5.L2.14.2 Lateral chromatic aberration. 

5.1.2.14.2.1 Method 20 — Photographic 
method. Photographic measurements shall 
be made in the plane of best average defini- 
tion for white Hgrht or a specified reference 
color. The image sizes y\, /., etc are meas- 
ured, as specified in method 1, for different 
colors. The lateral color aberration at a par- 
ticular angle is the difference between / for 
the particular color and / for the white 
light or the specified reference color. 

5.1.2.14.2.2 Method 21 — Nodal slide meth- 
od. When specified, a nodal slide optical 
bench may be used instead of a test camera 
in method 20. Lateral chromatic aberration 
shall be measured by moving the optical 
bench microscope along a scale perpendicu- 
lar to the axis of the optical bench, first 
sighting the microscope on the image formed 
by using white light, or light of the second 
specified color. When setting the microscope 
for measurements at each angle ß, the micro- 
scope shall be displaced along its horizontal 
axis by the distance f(l-cos 0) /cos ß away 
from the lens. This refocusing is not neces- 
sary if a flat field bar is used. This setting of 
the microscope is maintained at each angle 
for all the colors. The distance through which 
the microscope is. moved laterally, divided by 
the cosine of the angle at which the measure- 
ment is made, is the lateral chromatic aber- 
ration. 

5.1.2.15 Magnification. 

5.1.2.15.1 Paraxial magnification. 

5.1.2.15.1.1 Method it — Photographic 
method. The PM shall be measured by plac- 
ing a photographic plate in the image plane 
conjugate with the object plane at the spe- 
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cified finite distance from the lens. Within 
the intended field of coverage in the object 
plane, a series of reticles is placed at ac- 
curately determined distances /„ •/., etc, 
from a reticle at the axial object point. (The 
exact location of this point is not needed, 
and any point in the vicinity of the inter- 
section "of the lens axis with the object plane 
may serve as reference for measuring dis- 
tances y.) A photograph is taken of the ar- 
ray of the reticles. On the resulting negative, 
measurements shall be made of the corres- 
ponding distances •/„ •/.., etc, from the 
image of the axial reticle to the other re- 
ticles, and the quotients y',/y'1, yV??. etc, 
are formed. The limiting value of these quo 
tients as y approaches zero is the PM. For a 
photographic lens free from distortion, the 
quotient is invariant with respect to the value 
of y. For many photographic purposes the 
distortion is negligible for points distant 
from the center of the useful field not more 
than one-fifth of its radius, and consequent- 
ly it will be very often possible to obtain a 
sufficiently accurate value of the PM by a 
single determination of y and / for a point 
lying near the axis. 

5.1.2.15.1.2 Method 28 — Visual method. 
This method is similar to method 22 except 
that the distances -/ to the aerial images of 
the reticles are measured directly in the 
image plane by means of a suitable measur- 
ing device. The detailed specification shall 
state the method used for determining the 
plane in which the measurements are to be 
made. 

5.1.2.15.2 Method 21* — Calibrated magni- 
fication. To compute the calibrated magnifi- 
cation, let •/„ y„ etc., represent the dis- 
tances, in the apecified image plane, from 
the axial image point to the images of the 
object points lying in the object plane at 
the distances /„ /„ etc, from the axial 
object point If m is the paraxial magnifica- 
tion, then in the absence of distortion 
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•/» = mylr y, = m/,, . . /. = my. 
(24) 

ID the presence of distortion, 

y, = my, + A-/,, -/t 

y. = my. + Ay*. 
my, + A/, . . . 

(25) 

The added terms are the values of the linear 
distortion for the image distances y\, y\> 
etc, respectively. The values of y and / are 
measured directly. It is evident that the in- 
dividual values of distortion defined in the 
preceding equations can be changed by as- 
signing to m a value different from that 
given by the paraxial magnification. After 
the paraxial magnification and the corres- 
ponding values of distortion have been de- 
termined, an adjusted value is used for the 
magnification to distribute the distortion in 
a manner best suited for the intended ap- 
plication. This adjusted value represents the 
calibrated magnification, or CM. 

5X2.16 Distortion. AD the following meth- 
ods are capable of measuring distortion in 
the plane of best definition with accuracy, 
though care should be taken to correlate the 
results obtained by methods 28 and 29 with 
those obtained photographically. Accurate 
determinations of the distortion at finite 
magnifications should be made by method 
25 or method 80, depending upon the ap- 
plication. Where significant, systematic er- 
rors in the test equipment shall be reduced 
by making a duplicate series of measure- 
roonts for each test diameter witn ttie MBS 
rotated 180 degrees about its optical axis. 

5X2.16J Uttiutd t5 — Two* range 
mstkod. This method is intended primarily 
for use on leases mounted, in camera« or 
cones. Targets shall be set op in the object 
space is a pleas perpendicular to the optical 
axis of the lens to be tested and, for cameras 
focused for infinity, «t a distance greater 
than D determined by formula (12) in 
S.UL8. The targets should he placed approxi- 
mately every 2H degrees across the entire 

field of the lens. The angular separation of 
the targets shall be determined to an ac- 
curacy of ±2 seconds of arc by means of a 
first order theodolite. In some instances, the 
distance between targets and the perpen- 
dicular distance from the line of targets to 
the front node of the lens can be measured 
and the angles computed. The lens to be 
tested shall be oriented with its front node 
directly over the point from which the range 
angles are to be turned, its optical axis di- 
rected toward the central target, and one 
of its diagonals parallel to the line of tar- 
gets. A test plate shall be exposed, after 
which the camera or cone shall be rotated 
90 degrees about its optical axis, and another 
test plate shall be exposed. After processing, 
the test plates shall be measured on a com- 
parator. The EFL of the lens shall be deter- 
mined in accordance with method 1; the dis- 
tortion is determined as specified in 5.15.8. 
Curves shall be plotted (distortion in milli- 
meters against field angle), representing the 
distortion related to KFL for both sides of 
the axis for both diagonals. It will usually be 
found that the curves for the two sides of a 
diagonal will not have equal distortion. By 
selecting another point, the "Point of Sym- 
metry," as the center of the field and re- 
computing the distortion, the curve for each 
diagonal can be made to be relatively sym- 
metrical The two sides of each- diagonal 
(four curves in all) shall be averaged to 
obtain the distortion curve. This distortion 
curve can be given any desired orientation 
by using an adjusted value for the focal 
length (the calibrated focal length, see 
5.155). When required, in addition to set- 
ting up the lens as specified, the test plate 
may be adjusted so that it is perpendicular 
to the line drawn from the central target 
through the front node of the lens. This can 
be done by pointing a telescope, equipp*'.' 
with a Gauss •yepMce, along this line aud 
adjusting the teat ptateeeetiar surface ( with 
an optical flat aud the Gauss •yer'««') unti' 
It is perpendicular to the line of sight The 



( 

addition of this step enables one to measure 
prism angle. When measuring distortion at 
finite distances the plane of the targets must 
be parallel to the test plate. Mathematical 
means for adjusting the measurements may 
be used to eliminate error from this source. 
If the distortion is to be measured for an 
object at a finite distance, the targets shall 
be set up at the required distance as speci- 
fied. The test procedure is the same as for 
the object at infinity, except that the distor- 
tion is determined on the basis of paraxial 
or calibrated magnification. 

5.1.2.16.2 Method U — CoUtmator bank 
method. This method is intended for use with 
lenses mounted either in cameras or in test 
barrels. Method 26 is similar to method 25, 
except that a bank of collimators containing 
targets shall be used instead of a target 
range. 

5.1.2.16.3 Method £7 — Single colUmator 
photographic- method. In some cases where 
high precision is not required* a single col- 
limator may be used in conjunction with a 
test plate as in method 26. In this method, 
either the collimator or the lens and the test 
plate shall be - rotated through the required 
field angles about .the center of the entrance 
pupil of the lens. 

5.1.2.16.4 Method 28 — Nodal slide meth- 
od. This is a visual test method and may be 
used, when specified, for lenses mounted in 
barrels. The lens to be tested shall be prop- 
erly placed on the nodal slide of an optical 
test bench and centered so that its optical 
axis is nearly coincident with the axis of the 
microscope. Distortion for a particular angle 
shall be measured by the lateral displacement 
of the observing microscope required to cen- 
ter the target at each angular setting. At 
each angle ß, the microscope shall be dis- 
placed along its horizontal axis by the dis- 
tance f(l-cos /3)/cos ß away from the lens. 
This refocusing is not necessary if a fiat new 
bar is used. To obtain the value of distortion, 
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the lateral distance through which the micro- 
scope shall be displaced must be divided by 
the cosine of the angle at which the distortion 
is being measured. Because of inaccuracies 
present in most optical benches, it is desir- 
able to make each measurement at the same 
indicated angle on each side of the axis and to 
average the two microscope readings obtain- 
ed before computing distortion. 

5.1.2.16.5 Method £9 — Goniometer meth- 
od. This is a visual method intended for use 
with lenses mounted in cameras. An ac- 
curately calibrated test object on glass, usual- 
ly in the form of a scale or grid, shall be 
placed in the plane of best definition of the 
lens to be tested and illuminated in a direc- 
tion toward the lens to be tested. This test 
object must be flat, properly centered, and 
perpendicular to the optical axis. The lens 
and illuminated test object shall be placed in 
the goniometer so that the axis about which 
the angles are measured passes through the 
center of the entrance pupil of the lens. The 
telescope of the goniometer shall be pointed 
at successive points on the test object and 
the field angles determined. (The telescope 
shall not be refocused during the run oh 
measurements.) From the focal length of 
the lens being tested and the calibration of 
the test object, the angles subtended by the 
various points on the test object can be 
computed. Distortion then can be computed 
in terms of the difference in angles on the 
object side and image side; this distortion 
in turn can be converted into the standard 
form. (See 5.1.2.3.) By adjusting the focus 
of the telescope, this method can be expand- 
ed to include some cases in which the test 
object is in a plane corresponding to some 
finite magnification. Carp should be exercised 
to insure that the cone of light from the 
test lens is included in the entrance nunil 
of the telescope. 

5.1.2.16.6 Method $0 — Projection meth- 
od. This method is intended primarily for 
testing projection lenses. A test object simi- 

33 



MIUSTD-150A 
12 Moy 1*5* 

lar to the one used in method 29 shall be 
placed in the object plane of the lens to be 
tested and projected onto a suitable screen. 
Measurements shall be made of the projected 
image of the test object. The distortion shall 
be computed in terms of the test object. Care 
should be taken to insure that the screen 
and test object are perpendicular to the op- 
tical axis of the lens and that the test ob- 
ject is flat and properly centered. The cone 
of light from the projection lamp shall com- 
pletely fill the projection lens, and the test 
object shall be uniformly illuminated. The 
sip» of distortion is reversed from theory on 
projection through a lens and measured at 
the long conjugate. 

5.LU6.7 Tangential distortion. Any of the 
six methods for measuring radial distortion 
may be modified to measure tangential dis- 
tortion by .considering the displacement of 
image points ^perpendicular to a radius from 
the center of the field. The magnitude of 
tangential distortion varies from zero along 
erne diameter to a maximum along an orien- 
tation 90 degrees to the diameter of zero 
distortion. Therefore, when required, tan- 
gential distortion shall be measured for two 
axial orientations of .the lens, and the orien- 
tation f or maximum tangential distortion 
computed. 

5A2J7  Prism  effect..  To  measure   the 
prism effect in terms of a thin equivalent 
prism of vertex angle a, use is made of the 
fact that oblique rays are deviated by the 
prism more than, and in the same direction 
as, the axial ray. An assumption Is made 
that the axial ray makes only a «mall angle 
with the normal to the surface of the prism 
(or the prism may be assumed to be in the 
minimum deviation for the axial ray). If the 
camera under test is used to photograph 
three collimators or distant targets,  one 
axial and the ether two making ancles + ß 
god —p with the axis, the distances from 
the 0 degree image to the 4-J3 image and 
from the 0 degree imag* to the —0 image 

r 

are different in the presence of a prism 
effect This difference is measured on the 
negative Under the assumptions made, the 
analytical expression for this difference is: 

A = f [tan 03 + e) — tan iß — e) 
— 2 tan e.] 

(26) 

where f is the equivalent focal length of the 
lens, e is the deviation of the ray making 
ß with the axis (within a dose approxima- 
tion the deviation is the same for +ß and 
—ß), and e, = a/2 is the deviation of the 
axial ray. Tables for A can be computed for 
various values of f, ß, and a. The measured 
and tabulated values of A are compared, and 
the corresponding o is evaluated. 

5.1.2.18 Spkertcol aberration. 

5.1.2.1&1 Method SI — Annual ring or 
Hartmann   disk   method.   When   spherical 
aberration is specified in terms of change in 
focal position for zones of different radii, a 
Hartmann disk (a plate covering a front of 
the tens with holes at the different zones) 
or aperture consisting of open annular rings 
will be placed over the front of the lens and 
properly centered. Either a photographic or 
visual method of determining the difference 
in focal positions for dffi«rent zones may be 
used. Various modifications of these meth- 
ods and other methods may be employed, 
such as a knife-edge test or interferometric 
method. When measuring spherical aberra- 
tion for an object it Infinity, the target 
which is imaged by the test lens may be 
placed in a coliimator or a distance at least 
26 times the focal length of the lens to be 
tested. 

5.L2.1&2 Method St — SUrpped-apertvre 
method. When spherical aberration is spe- 
cified in terms of the difference between the 
best focus st maximum apertUTe and at a 
designated reduced aperture, a nodal slide 

.■...» » » ,__ m„ ■MtiMif>11ywHnn nuulOO optical neuen or so MWW««"I■««■ "*»»■ ---— 
may be used to determine the difference in 
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these focal positions. A focusing microscope 
provided with s scale indicating distance 
along the axis of the microscope may also be 
used. The target which is imaged by the test 
lens may be placed either in a coMimator or at 
a distance at least 25 times the focal length of 
the lens to be tested. (In the latter case the 
EFL or BF of the lens is the conjugate ob- 
ject distance.) 

5.1.2.19 Veiling glare. 

5.1.2.19.1 Method SS — Photographic black 
spot method. Veiling glare may be measured 
by means of an apparatus photographing the 
test field as specified herein. The test field 
shall consist of a bright Lambert's law sur- 
face containing a perfectly black spot. For 
the purposes of this test, a perfectly black 
spot will be one whose luminance  is  not 
greater than 1/109 of the luminance of the 
bright surface when measured from the posi- 
tion of the lens. The black spot shall be cir- 
cular, and, except as noted below, its dia- 
meter shall subtend an angle of 1 degree 
■± 5 minutes at the lens under test. For test- 
ing lenses of types I, II, III, and V (or cone 
and camera assemblies with these lenses). 
the bright field shall be of an infinite extent. 
This may be provided by a large integrating 
box of uniform luminance within an angle 
of  2 v  steradians.  For  testing lenses   of 
other   types   (or   instruments   with   these 
lenses) the bright field shall be limited to the 
field to be covered in actual use. The spectral 
distribution of lieht coming from the bright 
field shall be equal to daylight (for types Til 
and V lenses), or may be modified by a yel- 
low filter (for types I and II lenses), or be 
equivalent to the lijrht from a source which 
is ?. Jrray body at 2848° K  (for lenses and 
instruments normally used with a tungsten 
source). For instruments which are not nor- 
mally used with the sources specified above, 
the bright field shall have a spectral distri- 
bution  similar to that of the source  used 
with the instrument. There shall be no sub- 
stance other than air between the test field 
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and the lens or its attached filter. For testing 
lenses (or lens-cone and lens-camera assem- 
blies) used to photograph distant objects, the 
black spot must be at a distance from the 
lens not shorter  than  10  times  its focal 
length. For lenses used with relatively short 
object distances, the black spot shall be at the 
normally used distance from the lens. For 
testing cameras that permit easy focusing or 
instruments used with short object distances, 
the image of the black spot shall be sharply 
m focus in the film (or paper) plane of the 
camera or of the instrument, respectively. 
For testing lenses of lens-cone assemblies 
which have no focusing mechanism, the test 
apparatus shall be provided with a movable 
film holder for sharp focusing of the image 
of the black spol If the focal length of the 
lens is too short to produce an image of at 
least 1 millimeter diameter with the 1-de- 
gree black spot, the black spot shall be in- 
creased in size so that the diameter of its 
image becomes approximately, but not less 
than, 1 millimeter. In lens-camera assemblies 
focused for infinity and having no focusing 
adjustment, the image of the black spot will 
be necessarily out of focus in the focal plane 
of the camera. The image will have a dark 
center where there are no out-of-focus rays 
from  the bright field, provided  that  the 
diameter of the black spot is greater than 
the aperture of the lens under test The 1- 
degree black spot shall be at such e distance 
from the lens that the diameter of the dark 
center of the out-of-focus image shall be ap- 
proximately, but not less than, 1 millimeter. 
The required distance becomes infinity for a 
lens of 57A mm focal length and it still may 
be too great for a practical instrumentation 
with lenses of somewhat longer focal lengths. 
For lenses of focal length« shorter than 57.3 
mm, the requirement of 1 millinict'-r image 
diameter cannot he met with the l-degr»e 
spot at any real distance. In these cases, the 
black  spot  shall   he increased  in   lire  and 
placed at such a distance that the diameter 
of the dark center of the otrt-of-focus image 
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»hall be approximately, but not less than, 1 
millimeter, and the outside diameter of the 
out-of-focus image shall be not greater than 
2 millimeters. When the 1-degree black spot 
is used, measurements shall be made of the 
illuminance in the dark center of the image 
of the black spot and of the illuminance in 
the image of the bright field at 1 degree 30 
minutes from the center. In the cases where 
a larger black spot must be used, the illumi- 
nance of the image of the bright field shall 
be measured at 1.5 millimeters from the cen- 
ter of the image of the black spot. In either 
case the value of the illuminance of the 
image of the bright field shall be the mean 
of two measurements taken at the specified 
distance on the opposite sides of the dark 
image. Photographs of the test field shall be 
made on the emulsion to be used with the 
instrument (Light scattered back into the 
instrument by the emulsion can contribute 
significantly to veiling glare. Hence, any 
test method must provide a reflecting surface 
similar to the unexposed emulsion over prac- 
tically the entire film plane.) Measurements 
shall be made at full aperture, and any other 
aperture specified, with the black spot on 
axis and at other positions in the field of the 
instrument,   including   positions   near   the 
edges and corners of the field. Any area 
which may be affected by reflections from 
asymmetrical structures between the object 
plane and the film plane shall be investigated. 
The percent veiling glare shall be calculated 
for each position in the field, and variations 
of veiling glare with position in the fieW 
shall be presented in a table or graph for 
each aperture tested. Any significant asym- 
metries shall be recorded. A well-controlled 
method of photographic photometry shall be 
used to obtain the ratio of the illuminances 
of the image of the black spot and the adja- 
cent image of the bright field. One of the 
methods is to use a density step-wedge. This 
shall be placed over the image of the bright 
field ndin^nt to the imaee of the black spot, 
and a photograph of the test field shall be 

r 
taken. Densitometric readings shall be made 
on the image of the black spot and on the 
images of the two steps which produced the 
nearest higher and lower densities than the 
density of the image of the black spot By 
interpolation, the density necessary in the 
step-wedge to produce the density of the 
image of the black spot shall be found. This 
density of the step-wedge is equal to the 
logarithm of the ratio of illuminances of the 
bright surround (Et) and of the image of 
the black spot (Ef). The veiling glare is 
then computed as: 

E. 
V = 100 % 

E, 
(27) 

5.1.2.19.2 Method Si — Photooraphu: black 
strip method. The apparatus and procedure 
used in this method are the same as in meth- 
od 33, except that a black strip is used in- 
stead of a black spot The limitations imposed 
on the width and distance of the black strip 
are the same as specified for the diameter of 
the black spot The length of the strip shall 
subtend at the lens the maximum total angle 
to be covered by the lens in actual use. Meas- 
urements shall be made along the image of 
the black strip at various distances off axis 
up to the maximum angle covered by the 
lens to find the distribution of veiling glare 
across the field. In the case when an out-of- 
focus image of the black strip must be used 
for testing, some out-of-focus rays from the 
bright field will pass through certain areas 
at the ends of the image of the black strip. 
The extent of these areas shall be deter- 
mined, and they shall not be used for meas- 
urements. 

5.1.2.19.3 Method S5 — Photoelectric 
method. This method uses the same appara- 
tus of methods 5 and 6, except that a light- 
sensitive measuring device of spectral sensi- 
tivity characteristics similar to those of the 
sensitive photographic material, which is 
normally used with the tens under test, shall 
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be used in the image plane of the test ap- 
paratus. 

5.1.2.20 Condenser performance. The con- 
denser shall be set up to simulate the equip- 
ment in which it is to be used, and the image 
of a designated format shall be projected on 
a screen. The uniformity of screen illumi- 
nance and total light output shall be meas- 
ured with a foot-candle meter and shall be 
as designated for the particular application. 

5.1.2.21 Beauty defects. When inspecting 
for scratches and digs, a reference standard 
glass containing graded scratches and digs 
used as a guide shall be used. The accep- 
tance standards on all beauty defects shall 
be determined by the individual application. 

5.1.222 Centration. When inspecting lens- 
es for errors in centration, compliance with 
the requirements on resolving power, tan- 
gential distortion, and prism effect shall be 
of primary consideration. The lens examined 
should be tested across a field diagonal which 
gives the lowest resolution or maximum tan- 
gential distortion, whichever is the most im- 
portant considering the use for which the 
lens is intended. Routine inspection, based 
on off-axis star images, may be substituted 
for photographic methods when properly 
correlated. 

Copies of specification, standards, drawing*, and 
publications required by contractors in connection 
with specific procurement functions should be ob- 
tained from the procuring activity or as directed 
by contracting officer. 

Copies of this standard for military use may be 
obtained in the -foreword to the Index of Military 
Specifications and Standards. 

Copies of this standard may be obtained for other 
than official use by individuals, fims, and contrac- 
tors from the Superintendent of (Documents, U. S. 
Government Printing Office, Washington 25, D. C. 

iwings, specif Notice. When Government drawings, specifications, 
or other data are used for any purpose other than 
in connection with a definitely related Government 
procurement operation, the United States Govern- 
ment thereby incurs no responsibility nor any obli- 
gation whatsoever; and the fact that the Govern- 
ment may have formulated, furnished, or any way 
supplied the said drawings, specifications, or other 
data is not to be regarded by implication or other- 
wise as in any manner licensing the holder or any 
other person or corporation, or conveying any rights 
or permission to manufacture, use, or sell any pa- 
tented invention that may in any way be related 
thereto. 

Preparing activity: 
Air Force 

Other interest: 
International 

Other custodians: 
Army—Signal Corps 
Navy—Bureau of Aeronautics 
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APPENDIX 

10. REFERENCE MATERIAL 

10.1 GENERAL. The material covered in 
this appendix does not form a part of this 
standard. It is provided, primarily, as refer- 
ence material for assistance in the procure- 
ment and inspection of photographic lenses. 
Suggestions concerning requirements related 
to some mechanical details and other fea- 
tures are given. A reference list intended for 
use by those preparing specifications and 
procurement documents is also provided. 

10.2 LENS MOUNTING, AND OTHER 
REQUIREMENTS. 

10.2J Mounted in a ceü. When specifying 
members mounted in a cell for a multiple 
cell lens (usuaUy two cells, front and rear) 
♦.he following details should be specified: 

a. Cell separation or the correct should- 
er-to-«houlder mounting distance 
(sometimes called barrel length) 
should be supplied with each lens 
by the manufacturer. 

b. Dimensions and details of the cells. 

c. Dimensions and details of the mount- 
ing parts (threads, etc.). 

10.2.2 Mounted in a barrel. When specify- 
ing a lens mounted in a barrel the following 
details should be specified: 

a. Length of the threaded portion of the 
barrel. 

b. Whether   barrel   shall   be   furnished 
with a threaded ring. If threaded 
ring is required, dimensions and 
details such as mounting holes or 
means of securely setting at any 
position along the threaded por- 
tion of the barrel. 

c. Whether barrel shall be provided with 
a fixed flange. If nange is mjmr- 

ed, dimensions and details such 
as mounting holes. 

10.2.3 Mounted m a »hotter. When specify- 
ing a lens mounted in a shutter the follow- 
ing details should be specified: 

a. Requirements of shutter (speeds, ef- 
ficiency, etc). 

b. Methods   of   attaching   shutter   to 
camera. 

c Dimensions and details of shutter. 

d. Threads (if required) for attaching 
lens to shutter and shutter to 
camera. 

e. Special shutter features  (self-timer, 
sychronizer, etc). 

10.2.4 Mounted in a cone. When required, 
a lens, may be mounted in a lens cone. When 
required, the following details should >»e 
specified :*' 

a. Details and dimensions of the cone- 
camera seating surface. 

b. Distance   from cone-camera   sealing 
surface to focal plane. 

c. Focusing means within the cone. 

d. Mechanical details and dimensions of 
the cone adapter.3* 

e. Any additional mechanical details and 
dimensions deemed necessary. 

10.2.5 Mounted in a focusing mount. When 
specifying a lens mounted in a focusing 
mount the following details should be spe- 
cified : 

■ Irv iKo-r nwi in which »ho rmi »urf»r» of th* «»* »»d 
focml plane eninrtda (for »ample, ortorraphic Cliwrul. oe- 
1*11. wntnuni »luchmnt or th« »w U> camera .houlJ t» 
■ ur-pliorf 

*" A con* a4al>Wr ii deflnod a* a detarhabW pan r»f ik. »on. 
irh.rh mar «■ nnlnxl u> pioiiai lor win lh» con» on 4-'- ■ 
feront   ea»Btr*fl 

3fc 
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a. Flange focal distance (eee 3.1.7). 

b. Range of focus and accuracy of scale. 
(See C in 4.15.3.) 

c. Whether or not the lens may rotate 
when focusing. 

d. Whether or not the lens may focus by 
separation of the members. 

e. Method and details concerning the 
mounting of the focusing posts. 

f. Dimensions and details of the mount- 
ing surface. 

g. Other mechanical details and dimen- 
sions deemed necessary. 

10.2.6 Diaphragm.. When specifying a lens 
which is mounted in a barrel, in a cone, in a 
focusing mount or shutter, which requires 
a diaphragm, the following details should be 
specified: 

a. Type of diaphragm   (iris or other, 
number of leaves, etc.). 

b. Dimensions and details. 

c. Type of marking and calibration (f- 
stop, T-stop, aperture ratio). 

d. Related  features   (click  stops, dia- 
phragm control in the form of a 
ring gear for remote control. 
total angular travel and angle 
corresponding to each stop mark- 
ing, limit stop to prevent closing 
to too small an aperture, etc.). 

10.2.7 Statistical data and quality control. 
When required, it may be specified that the 
contractor shall supply to the procuring ac- 
tivity, a detailed record of the statistical 
facts concerning specified attributes and 
variables. These quality records should in- 
clude lot sizes, sampling size, Acceptable 
Quality Levels, acceptance and rejection 
numbers, incidence of defectives, and other 
pertinent data such as quality control cherts 
on attributes and variables affecting final 
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performance and installation. When requir- 
ed, the classification of defects should be as 
specified. Sampling requirements should be 
clearly stated in the specification or procure- 
ment document and should be in accordance 
with MIL-STD-105. 

10.2.8 Number of lenses to be destroyed. 
The specification or procurement document 
should clearly state the number or percent 
of a given order to be given any destructive 
tests. 

10.2.9 Packaging. Detail packaging re- 
quirements should consider the type and size 
of lens to be packaged as well as its intended 
destination. 

10.2.10 Markings. Details concerning the 
extent to which a lens should be marked and 
the manner of marking the packages should 
be given in the specification or other pro- 
curement document. 

10.3 ORDERING DATA REFERENCE 
LIST. 

10.3.1 Reference list. When preparing spe- 
cifications or other procurement documents, 
the following reference list should be used. 
The first four items are identification re- 
quirements which govern, in general, the na- 
ture of the lens and provide a limited de- 
scription. The remaining items concern per- 
formance characteristics, physical and me- 
chanical feature«, markings, testing, and 
packaging. "R" under a particular lens type 
signifies that requirements concerning this 
feature are required to be specified. "O" 
signifies that consideration of this feature is 
optional. "A" signifies that additional tech- 
nical details are required in the specification 
to make proper use of this feature. "X" im- 
plies that this item is not usually applicable 
to the lens. 

8» 
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r      n    m    rr      T      YX     TO Tin    zi    z     xi    m    xm   xxr 

Type required and nee 
(Sail*)       BBBBBBBBBBBBBB 

Equivalent focal length _ «««„»» 
(See SX4 «md 4X6)      BBBBBBBBBBBBBB 

HaxinH^m relative aperture or 
T-etop (See 4XS)  EBRBBBEBBEBRBE 

Field of view (See Si)   EBBBBBEEEBBBBB 
Conatroetion of len» (See SJ) 0      00       0       0       0       00       00      0      0      0      0 
Calibrated local length 
i   (SeeSXE)     0      0     0      OA    0       OA    OA   OA   X    X      X      OA    OA    0 
Back focal #ft,w»* 

(See SX«)     00000000000000 
Flange focal distance 

(See SX7 and S.4.6)        ER00RO00OOX000 
Front focal distanoe 

(See8X8)     OOOOOOOOOOXOOO 
Front vertex back focal di»- 

(8oe8X»)      00000000000000 

r 

Front operating' apertsre 
(SM 8i7)        0000000000X000 

Bear operating aperture 
(SMS.1I)      OOOOOOOOOOXOOO 

BatoMnr power (Sea Mi) .BBRBBBBEABBXRBE 
Ana weighted avenge TO- 

notation (SMtiii)       EBR0R0O00XXR0E 
Astigmatism and eurmtara of 

field (See 8^8) :....    OOOOOOOOOOXOOR 
Color correction (SM *.«\4)  .BREBBBBBBOOBRR 
Radial dlatwrtlii (So* 8.M 

and 8.8.0)      0      R     0      R      O      O      O      0      O    0      X      0      0      0 
Tangential distortion 

(See 8.&6JK)        0      R     0       0       0 
Priam effect {See l&JUB)  ...    O 0      0      0 
Relative JDhmination 

(See »AT)      E      R     R      R      R 
Trananhtance (See 8.6.») ...    0      0     0      0      0 
Area weighted average 

Tamrtsr (See LS.6JL)   ...    0      0     0      O      0 
Spberieal aberration 

(See*.«)....     0      0     0      0      0 
Other aberratione      0      0     0      0      0 
Vemnrftoe («M«A10) ...    0      0     0      O      O 

(flee 1X21)    X X X X X 
Mounting .................. R R R B B 
Maphragn nqeii—is 

(See 1X4 and 10X8)  ,... 0 0 B B B 
Waterhoase atop* (See 8X4) X X X B X 
Leva Marking! (Bee 4X1) .. E R R B B 
Intermediate aperto» nuking 

(8t* ilAI)     0000000000 

40 

0 X 0 X X X 0 0 0 

o X 0 X X X 0 0 0 

BA BA BA 0 0 X BA B B 

0 0 0 0 0 0 0 0 B 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

O 0 0 0 0 X 0 0 0 

X X X X X B X X X 

B B B B B B R B B 

E 0 0 R X X B R B 

0 X X X X X 0 0 0 

B E B E B B B B B 
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i       n    in     IT      v      n     ra  vm    xt    x     xi    xn    xm   xtr 
Accuracy   of   focusing   scale* 

(when required)   (See 
UU)        RA   X    BA   £A    EA   OA   X     X      XX      X     EA   BA   0 

Reflection  reducing coatings 
(See 3.7.2)      BBEBBBBBBBBBBE 

Beauty defect* (See 5.8)       E       EE       E       E       E      E      E       EE       E      E       E       E 
Environment»] (See SXS)   ..£      EE      E       E      E      E      £      EE      E      E      E      R 
Finish and  internal surface* 

(See 8.7.5)       E      EE       E       E      E      E      E       EE      E      E      E      E 
Where inspected      EEEEEEEEEEEEEE 
Sampling plan     E      EE      E       E      E      E      E      EE      E      E      E      E 
Statistical  data  required 

(See 10X7)        EEEE      EEEEEEEEEB 
What individual 100 percent 

»•*» (See 6.1)       EEEEEEEEEEEEEE 
What sampling tests  (See 

10i8)       EEEE       RBBBRRBBBB 
FQms and processing (See 

6XL8 and 5.1X12.1)       EEEEEEXEBXXEBE 
Plane of best definition 

(SsefiXXl)        EEEEBXEEEXXEEE 
Method of measuring equiva- 

lent- fecal length   (See 
^1^2)        EEEEEEEEBE 

Method of measuring effective 
aperture (See 6XZ»)     EEEE       EEEE      BO 

Method of- measuring T-num- 
ber and transmittanee (See 
SX2JO)     ooooooooox 

Method of measuring relative 
illumination  (See 6.1X11)      K       RR       R       R       RARARAOO 

Method of measuring resolving 
power (See 5X2J2)     ERRRREBRRR 

Target distance  (See E.l.O)    O0OOO00OO0 
Target contrast and whether 

dark lines on light back- 
ground or vice verse   (See 
^V*)        EEEEEEBERRXRRR 

Whether lens is to be te-ted 
with filter in place or ov«x 
light source (Sec 5X1.4)  ..    RRBRBBRRRRXRRR 

Relative aperture for resolving 
power tost (See 5.1.2.12)  .BERREEBRREXEEE 

Angular settings for resolving« 
power images (See 6.1X12)    RREBEEBEREXEEE 

Magnification for reading re- 
solving power (See 6.1X12)    BRRRRBBRRRXRRR 

Method of measuring astigma- 
tism and curvature of field 
(See6X2J8)        0000000000X000 

Method of measuring chro- 
matic aberration* (Sa* 

"■"4)     oooo     oooooxx     0     00 

41 

R R R R 
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X 0 0 0 

X RA R R 
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Method  of  measuring distor- 
tion (Sec 5.1.2.16)    0 

Method of measuring spherical 
aberration (See 6.1.2.18)   .. 0 

Method of measuring veiling 
glare  (See 5.1.2.19)     0 

Method  of measuring beauty 
defects (See 5J.Ü1)     R 

Environmental tests    R 

Preservation     R 
Unit Packaging    R 
Exterior packing  R 

Cushioning   R 

Overseas packing  R 

Domestic packing  R 
Package marking  R 

H     in 

R 

VI 

0       0 

VII     VHI        XI 

0        0 

xi     xii     xiii   r.iv 

0 

R R R R R R R R R R R R R 
R R R R R R R R R R R R R 
r. R R R R R R R R R R R R 
R R R R R R R R R R R R R 
R R R R R R R R R R R R R 
I: R R R R R R R R R R R R 
P. R R R R R R R R R R R R 
P. R R R R R R R R R R R R 
R R R R R R R R R R R R R 

r 

10.4 REFERENCES. 

10.4.1 List of nonmandatory reference». 
The following lists are for information only, 
and are not to be considered applicable to 
this standard in any other sense. These docu- 
ments will not be supplied by the procuring 
activity. 

10.4.1 J American Standard* Association. 

PHS.10-1954 —Threads for Attach- 
ing Mounted Lens- 

es to Photographic 
Equipment 

PHS.12-1953 

PH8.14-1944 

— Attachment   Threads 
for Lens Accessor- 
ies, Specifications 
for. 

— Front   Lens   Mounts 
for Cameras, Di- 
mensions of. 

PH8.16-1947    — Resolving Power of 
Lenses for Projec- 
tors for 86-mm 
Slide Film and 2 x 
2-Inch Slides, Meth- 
od for Determin- 
ing. 

PHS.20-1955 

PHS.25-1M8 

Z22.28-1946      — 

PH22.5S-195S 

Focusing Camera 
Lenses, Distance 
Sealee for. 

Parts of a Photo- 
graphic Objective 
Lens, Nomenclature 
for. 

Projection Rooms and 
Lenses for Motion 
Picture Theaters, 
Dimensions for. 

Method of Determin- 
ing Resolving Pow- 
er of 16-mm Mo- 
tion-Picture Projec- 
tor Lenses. 

PH22.76-1951 —Mounting Threads 
and Flange Focal 
Distances for Lens- 
es on 16-MflHmeter 
and 8-Millimeter 
Motion Picture Ca- 
meras. 

PH22.90-196S —Motion-Picture Lens- 
es, Aperture Cali- 
bration of. 
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Z38.4.4-1942 

Z38.4.7-1950 

Z38.4.20-1948 

Z38.4.21-1948 

Z38.7.5-1948 

Focal Lengths of 
Lenses, Marking. 

Lens Aperture Mark- 
ings. 

Apertures and Relat- 
ed Quantities Per- 
taining to Photo- 
graphic Lenses, 
Methods of Desig- 
nating and Measur- 
ing. 

Focal Lengths and 
Focal Distances of 
Photographic Lens- 
es, Methods of Des- 
ignating and Meas- 
uring. 

• Printing and Projec- 
tion Equipment, 
Methods of Testing. 

ZS8.7.6.-1950 — Photographic Enlarg- 
ers. Methods for 
Testing. 

10.4.1.2 National Bureau of Standards. 

Precision Camera for Testing Lenses, I. C. 
Gardner and F. A. Case. J. Research N.B.S. 
18, 449 (1937)  RP 984. 

Resolving Power and Distortion of Typi- 
cal Camera Lenses, F. E. Washer, J. Re- 
search N.B.S. 22, 729  (1939) RP 1216. 

Locating the Principal Point of Precision 
Airplane Mapping Camera, F. E. Washer, J. 
Research N.B.S. 27. 405 (1941) RP 1428. 

Measurement of the Refractive Index and 
Dispersion of Optical Glass for Control of 
Product, TL L. Guruvitz and L. W. Tilton. J. 
Research N.B.S. 32, 39 (1944) RP 1572. 

Region of Vsable Imagery in Airplane- 
Camera Lenses. F. E. Washer. J. Research 

Refractive Index Standards of Fluocrown 

M1USTD-150A 
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Glass, L. W. Tilton, J. Research N.B.S. 34, 
599 (1945) RP1659. 

Compensation of the Aperture Ratio Mark- 
ings of a Photographic Lens for Absorption, 
Reflection, and Vignetting Losses, L C. Gard- 
ner, J. Research N.B.S. 38, 643 (1947) RP 
1803. 

Validity of the Cosine-Fourth-Power Law 
of Illumination, I. C. Gardner, J. Research 
N.B.S. 39, 213 (1947) RP 1824. 

Sources of Error in and Calibration of the 
F-number of Photographic Lenses, F. E. 
Washer, J. Research N.B.S. 41 (1948) RP 
1927. 

Research and Development in Allied Optics 
and Optical Glass at the National Bureau of 
Standards, Miscellaneous publication 194, 
July 1949, by I. C. Gardner and C. H. Hah- 
ner. 

An Instrument for Measuring Longitudin- 
al Spherical Aberration of Lenses, F. E. 
Washer, J. Research N.B.S. 43 (1949) RP 
2015. 

Calibration of Precision Airplane Mapping 
Camera, F. E. Washer and F. A. Case, J. Re- 
search N.B.S. 45, 1 (1950) RP 2108. 

Method for Determining the Resolving 
Power of Photographic Lenses, F. E. Wash- 
er, and I. C. Gardner, N.B.S. Circular 533, 
May 1953. Supplement to N.B.S. Circular 
533, two sheets of test charts. 

Sources of Error in Various Methods of 
Airplane Camera Calibration. F. E. Wash- 
er, N.B.S. Report 2534, June 1953. 

Optical Image Evaluation, N.B.S. Circular 
526, 29 April 1954. 

A Study of Image Contrast as a Function 
of Frequency at Three Object Contrast 
Levels for Nine Wide Angle Lenses. F. W. 
F.osborry. NFS   Report 3*0*. Dec 1*>*4 

A Simplified Method of Locating the Point 
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of Symmetry, F. E. Washer, N.B.S. Report 
4273, August 1955. 

Evaluation of Distortion by the Inverse 
Nodal Slide, F. E. Washer, N.B.S. Report 
4690, May 1956. 

Effect of Camera Tipping on the Location 
of the Principal Point, F. E. Washer, J. 
Research N.B.S. 57 (1956) RP 2691. 

10.4.1.3 Journal of the Optical Society of 
America. 

Effects of Temperature and Pressure on 
the Focus of Aerial Cameras, E. B. Wood- 
ford and R. N. Nierenberg, 35, 619 (Oct 
1945). 

Effective Aperture of a Photographic Ob- 
jective, R. Kingslake, 55, 518 (Ang 45). 

Proposed Method of Specifying Appear- 
ance Defects of Optical Parts, J. H. McLeod 
and W. T. Sherwood, 35, 136 (Feb 45). 

The Measurement of Transmission and 
Contrast in Optical Instruments, D. E. 
McRae, S3, 229 (Apr 43). 

Illumination in the Focal Plane, F. Ben- 
ford, 31, 362, (May 41). 

A Classification of Photographic Lens 
Types, R, Kingslake, 36, 251 (May 46). 

Autocollimator for Precise Measurements 
of the Flange Focal Distance of Photo- 
graphic Lenses, M. G. Townsley and P. C. 
Foote, S7, 42 (Jan 47). 

A Method for Making Precise Resolution 
Measurements, H. S. Coleman and W. S. 
Harding, 37, 263 (Apr 47). 

Illumination in the Focal Plane of a 
Camera Lens, P. Clancy, 37, 906 (NOT 47). 

Lens Design and Tolerance Analysis 
Methods and Results, P. C. Foote and R. A. 
Woodson, 38, 590 (Jul48). 

Notes on the Cos4 Law of Illumination, 
M. Reiss. 5S, 930 (Nov 48). 

r 
Method of Measuring the Contrast Ren- 

dition of Telescopic Systems, H. S. Coleman, 
G. W. Arnold, Jr., and W. 0. Luedecke, 39, 
864 (Oct 49). 

Photogrammetric Errors from Camera 
Lens Decentering, P. D. Carman, 39, 951 
(Dec 49). 

Brightness of Fine Detail in Air Photo- 
graphy, P. D. Carman and RA..F. Carruth- 
ers, 41, 305 (May 51). 

New Resolving of Power Test Chart, F. 
E. Washer and F. Roseberry, 41, 597 (Dec 
49). 

Spurious Resolution of Photographic 
Lenses, R. HotcbJrias, F. E. Washer, and F. 
Roseberry, 41, 600 (Sep 51). 

A Collimator with Variable Focal Length 
and Tilted Test Plate for Testing Cameras. 
P. J. Lindberg, 41, 748 (Oct 52). 

Lens Testing Bench, K. Leistner, B. 
Marcus, and B. W. Wheeler, Jr., 43, 44 (Jan 
53). 

On the Flare of Lenses, G. Kuwabara, 43, 
53 (Jan 53). 

Air Photography, D. E. MacDonald, 43, 
290 (Apr 53). 

The Relative Photographic Efficiency of 
Certain Light Sources, R. N. Wolfe and F. 
H. Milligan, 43, 791 (Sep 53). 

Studies in the Resolving Power of Photo- 
graphic Emulsions, F. H. Perrin and J. H. 
Altman: 

I The Design an<TPerformance of 
an Apochromatic Resolving-Power 
Camera Objective, F. H. Perrin 
and H. 0. Hcadley, 38, 1040 (Dec 
48). 

II Tie Resolving Power Cameras in 
the Kodak Research Laboratory. 
il. 265 (Apr 51). 

ITT   The Effect of the Relative Aper- 
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tare of the Camera Lens on the 
Measured Value, Ul, 1038 (Dec 
61). 

IV The Effect of Development Time 
and Developer Composition, &, 
465 (Jul 62). 

V   The Effect of Reduction and In- 
tensification, 12, 462 (Jul 62). 

VI The Effect of the Type Pattern 
and the Luminance Ratio in the 
Test Object, US, TOO (Sep 53). 

Condition of Equal Irradiance end the 
Distribution of Light in Images Formed by 
Optical Systems without Artificial Vignet- 
ting, F. Wachendorf, US,1205 (Dec 53). 

Problem of Evaluating a White Light 
Image, R. E. Hopkins, Susanna Oxley, and 
J. Eyer, U, 692 (Sep 54). 

Variation in Distortion with Magnifica- 
tion, A. A. Magül, US, 148 (Mar 56). 

Photographic Resolving Power and Aber- 
rations of Lenses, N. Murcott and H. T. 
Gottifried, 46, 434 (Jim 55). 

Theory of the Integrating Sphere, J. A. 
Jaoquez and H. F. Kuppenheim, US, 460 
(Jun 55). 

Resolving Power of Photographic Emul- 
sions, P. Hariharan, U6, 315 (May 56). 

Studies Of the Image Formed by Lenses, 
t». -Kvw&bara: 

I On the Characteristics of an Image 
and Their Quantitative Representa- 
tion, 4S, 309 (Apr 56). 

II   The Effect of Spherical Aberration 
Optical Images, US, 625 (Aug 56). 

10.4,1.4 Fhetogramroetric Engineering. 

The Interpretation and Uses of Lens Tests 
and Camera Calibration, I. C. Gardner, III. 
13 (Mar 87). 

The Significance of the Calibrated Focal 
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Length, I. C. Gardner, X, 22 (Mar 44). 

The Calibration of Air Cameras in 
Canada, R. H. Field, XII, 142 (Jon 46). 

AMC Research on Resolution and Distor- 
tion, P. L. Pryor, XII, 388, (Dec 46). 

Resolving Power of Photographic Lenses, 
K. Pestrecov, XJH, 64 (Mar 47). 

Tangential Distortion and Its Effect on 
Photographic Extension of Control, J. T. 
Pennington, XIII, 135, (Mar 47). 

Field Camera Calibration, E. L. Merritt, 
XTV, 303 (Jun 48). 

Report of Commission I, Photography, to 
the Sixth International Photogrammetry 
Congress, XIV, 229 (1948). 

Field Calibration of Aerial Mapping 
Cameras, E. D. Sewell, XIV, 363 (Sep 48). 

Resolution, Distortion and Calibration of 
Air Survey Equipment, L E. Howlett, XVI, 
41 (Mar 50). 

Calibration of Precision Airplane Map- 
ping Cameras, F. E. Washer and F. A. Case, 
XVI, 502 (Sep 50). 

The Fairchild Precision Camera Calibra- 
tor, C. L. Norton, XVI, 688 (Dec 50). 

Illuminance in the Focal Plane of Aerial 
Cameras, P. A. Täte, XVII, 19 (Mar 51). 

Calibration of Survey Cameras and Lens 
Testing, D. E. MacDonald, XVII, 383 (Jun 
51). 

Methods of Field Camera Calibration, E. 
L. Merrit, XVTI, 610 (Sep 51) and XVin, 
655 (Sep 52). 

The Effect of Target Contrast on the 
Focus and Performance of the Metrogon 
Lens, H. A. W. McGee, XVIII, 848 (Dec 52). 

Distortion — Planigon Versus Metrogon, 
E. D. Sewell, XX, 64 (Mar 54). 

Differences Between Visual and Photo- 
graphic Calibration of Air Survey Cameras, 
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P. D. Carman and H. Brown, XXII, 628 
(Sep 56). 

A New Look at Lens Distortion, J. G. 
Lewis, XXII, 666 (Sep 56). 

Sources of Error in Various Methods of 
Airplane Camera Calibration, F. E. Washer, 
XXII, 727 (Sep 56). 

10.4.1.5 Journal of the Society of Motion 
Picture and Television Engineers. 

Technique for Testing Photographic 
Lenses (Nov 88). 

Report of the SMPTE Subcommittee on 
Lens Calibration, 55, 868 (Oct 49). 

Diffuse and CoHimated T-numbers. A Re- 
view and Description of New Equipment, 
A. E. Murray, 56, 79 (Jan 51). 

Image Gradation, Graininess and Sharp- 
ness, in Television and Motion Picture Sys- 
tems, O. H. Schade, 58, 181 (Mar 52). 

10.4.1.6 Photogrammetria. 

Distortion Principal Point, Point of Sym- 
metry and Calibrated Principal Point. R. 
Roelofs, II (1950-1961). 

Report of International Commission I— 
Proposal for International Photogram- 
metric Lens Tests, III (1950-1951). 

A New Method for the Determination of 
the Distortion and Inner Orientation in 
Cameras and Projectors, B. Hallert, XI 
(1954-1955). 

10.4.1.7 Proceedings Physical Society. 

The Measurement of Aberrations (July 
1944). 

The Performance of Aircraft Camera 
Lenses, EWH Selwyn. and J. L. Tearle, 
LVin, 493 (1946). 

10.4.1.8 Photo Technique. 

Lena — Emulsion Performance — R. L. 
Williams,*. 50 (Nov 1940). 

Measuring the Resolving Power of Lenses, 

r 
C. W. Kendall and B. A. Schumacher, i, 
(April 1941). 

10.4.1.9 Microtenic. 

Standardization of the Test Methods for 
Photogramoaetric Objectives — H. Rasper, 
III, No. 5 (1949). 

10.4.L10 Photographic Journal. 

Accuracy of the Image, J. L. Tearle, 87B, 
182 (Nov.-Decl947). 

The Photographic and Visual Resolving 
Power of Lenses, E. W. H. Selwyn, 88B, 6 
and 46 (Jan.-Feb. and May-June 1948). 

Criteria of Image-Forming Auality in 
Photographic Objectives — W. Weinstein, 
9lB, 188 (1951). 

10.4.1.11 Photographic Engineering. 

Lens Speed has a Limit, C. W. Kendall, 
Vol U, 25 (1953). 

Computing the Area Weighted Average 
Resolution of Photographic Lenses — K. 
Leistner, Vol i, 162 (1963). 

A Study of the Information Capacities of 
a Variety of Emulsion Systems, R. A. Kar- 
das, Vol 6, 190 (1955). 

10.4.1.12 Department of Defense Publica- 
tions. 

10.4.1.12.1 Department of the Navy. 

Photographic Interpretation Center: 

Introduction to Camera Calibration—Re- 
port No. 127-50. 

Goniometer Method of Camera Calibra- 
bration—Report No. 128-50. 

Collimating Camera Method of Camera 
Calibration—Report No. 129-50. 

Photographic    Goniometer    Method    of 
Camera Calibration—Report No. 180-50. 

Star Exposure Method of Camera Calibra- 
tion—Report No. 181-50. 
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Terrestrical Exposure Method of Camera 
Calibration—Report No. 182-60. 

10.4.1.12-2 Department of the Army. 

Tangential Distortion, R. G. Livingston, 
Engineering Research and Development 
Laboratory Report 1219 (Nov 1951). 

10.4.1.12^ Department of the Air Force. 

Photographic Lens Testing, R. N. Nieren- 
berg, Air Material Command M. R, No. Eng. 
—59-841-413-16 (May 44). 

10.4.1.13 Books. 

Summary Technical Report of NDRC 
(OSRD) Division 16, Volume 1, Optical In- 
struments. 
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Method de Control, Congress Internation- 
al de Photogrammefcrie UHaye, 1948, Paris 
Institute Geographique National 

r>™uti«n Standards Association Z7.0.4.1 
—1951, Specification for Standard Method 
of Determining Veiling Glare in Photogra- 
phic Systems. 

Photo-Electricity, V. K. Zworykin and E. 
G. Ramberg, John Willey & Sons, Inc. 1949. 

Minimi of Photogrammetry, American 
Society of Photogrammetry, George Banta 
Publishing Co., 1952. 

Physical Aspects of Air Photography, G. 
C. Brock, Logmans, Green and Col, 1952. 

The Theory of the Photographic Process, 
C. E. Mees, The Macmillan Co., 1954. 
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INDEX 

AM» t> number. 3.7.412 
Al«rration, lateral chromatic, 3.6.4.2, 5.1.2.141 

lowrHoo'inal chromatic, 3-6.4.1. 5.1.2.14.1 
sphorv-al, 3.6.:>, 5 1.2.1 R 

AchromiU, 3.7.1.1 
Air bells, 3.R.1.1.2 
Anastigmnt, 3.7.1.2 
Angles, obliquity, 3.6.7.4 
Annular ring or Hartmann disk method for measur- 

ing spherical aberration 5.1.2.18.1 
Aperture, clear, 3.2.4 

ami related quantities. 3.2 
effective, 3.2.3. 5.1.2.9 
front operating, 3.2.7 
marking:, 4X3 
maximum, 4.1.3 
numerical and corresponding f-number, EXJl 
ratio, 312, 6.1.2.8 ) 

rear operating. 3.2.8 
relative, 3.2.5 
stopped-, method, for measuring spherical aber- 

ration, 5.1.2.18.2 
Apochromat, 3.7.1.3 
Apparatus, test, 5.1.1 
Area weighted average resolution (AWAR), 3.6.2.5 
Area weighted average T-number  (AWAT)   316.1 
Astigmatism and curvature of field, 3.6.3 
AutoeoUimation, principal point of, 3.6.6.4 
Axis, mechanical, 3.1.3 

of best definition, 3.15 
optical, 8.1.1 

Axes, points and distances, 3.1 

B 

Back focal distance, 3.1.6, 6.1.2.4 
Barrel. 3.4.2, 10.2.2 
Beam sections, 3.6.7.3 
Beauty defects, 3.8 
Bells, air, 3.8.1.1.2 
Bench, optical, 5.1.1.2 
Best average definition over the picture area, plane 

of (BADOPA), 3.1.2.1.1 
Best definition, plane of 3.1.2.1, 5.1.2.1 
Birefringence, 3.7.4.3 
Blisters, 3.8.2.1 
Brilliance, specific, 3.6.10 
Bubbles, 3.8.1.1 
Burns, 3.8.2.2 

Calibrated focal length, 3.1.5. 6.J.2.3 
Cell, 3.4.1. 10.2.1 
Omment start», 8.8.2.3. 
Centration, errors of, 3.6.6.3 

Chips, 3.814 
Chromatic aberration, lateral, 3.6.41 5.11141 

longitudinal, 3.6.4.1, 6.1114.1 
Coatings, reflection reducing, S.7.2 
Collimator, 5.1.1.1 

methods. Method   6, T-number and transmittance 
measurement*, EX2J0J 

Method   8, relative  iUnmination  meas- 
urements, 6.1111.2 

Method 11, resolving power measure- 
ments, 6X112.1.1 

 Method 26, collimator   bank   distortion 
measurements, 5.1.2.16.2 

Method 27, single   collimator  distortion 
measurements, 5J116J 

Color contribution, 3.6.8.1 
Color correction, 3.6.4, 5.1114 
Combination method for measuring equivalent focal 

length, 6.11211 
Component, 3.3.3 
Concentration, position of greatest, 8.6.9.1.1 
Condenser performance, 6.1.2.20 

characteristics, 8.6.11 
Condition test, 5.116 
Cone, 3.4.3, 1014 

adapteT, 10.2.4 
Constructional features, 3.3 
Contrast, target, low, 5.1.113 

medium. 5.1.1.72 
high, 6.1.1.7.1 
rendition, 3.6.10 

Cords, 3.8.1.85 
Cos * law, 3.6.75 
Cracks, 3.816 
Curvature of field and astigmatism, 6.1113 

Defects, material, 3.8.1 
manufacturing, 3.8.2 

Definition, plane of best. 3.1.2.1, 6.111 
over   the   p>rture   area,   plane   of   best   average 

(BADOPA), 3.1.2.1.) 
Densitometric method, for measuring relative illumi- 

nation. 6.1111.3 
Depth of focus and depth of field, 3.1.11 
Design, name of, 3.3.7 
Diaphragm, lens, 3.4.4 

marking of, 4M 
specifying a, 10.2.6 

Digs, 3.8.2.6 
Dirt, 3.817 
Dirt holes, 3.8.2.6.1 
Disperrion, 3.7.4.2 
DispTy'vf powfr. 3.7 4.2.1 
i "ItSltCf   *r»ck  Ifrr.l, ,1.1,«i, (».l.i1 • 

fWe foes', 3.17,  5.1 ?5 
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front focal, SXB, B.U6 
front vertex focal, 3X9. B.11.7 

Distortion, 8.6.6, 6.1.2.16 
barrel, 3.6.6.1 
pincushion, 3.6.6.1 
radial, S.6.6X 6X2J6 
tangential 3.6.6X 6.1X16.7 

Distorting lent with object at infinity, for comput- 
ing relative illumination, 5.1X1L4-3 
with finite object distance, 6X2.11X4 

Distortionless lens with object at infinity, for com- 
puting relative illumination, 5X2114-1 
with fünfte object distance, 5.1.2.11.12 

Effect, prism, 3.6.6.5, 51X17 
Effective aperture, 3X3, 5.12.9 
Element 3X4 
Environmental range, 3.7J& 
Equivalent ford length, 81.4, 51X2 
Errors of centration, 3.6XS 
Extended source method for measuring T-number 

and tranamittanee, 51X10J. for measuring rel- 
ative illumination, 6,1211,1 

Feather«, 3.8.18 
Features, constructional, 8.8 
Field, depth of, 8X11 

of view, SJS 
tilt, 3X212 

Film, photographic, and plates, 6.11.6 
types and elaasea, 6X2121 

Flange tut, 31X1 
Flare, 3.610 
Flash discharge lamps, 5.1X4.1 

f-nmnber, 3X61 
marking of 4.1X3 

Focal distance, back, 8.1.6, 6.12.4 
flange, 3.1.7, 5.1X6 
front, 8.18, 6.1.2.6 
fnsjt vasts«, 8X8, «1X7 

Focal length, calibrated, 31.6, 5.1X3 
äquivalent, 3.1.4, 6.121 
marking of, 4.18 

Peeal abaft, 8X».l 
Focal tut, 21X21 
Focus, depth of, 8X11 

principal, 3,1.22 
Focusing mount, lens mounted In a, 10X6 
Focusing scales, accuracy of, 4.16.3 
Folds, 3.8.1.4 
Format sizes for air cameras, genera] cameras, 3.6 

Front «parating aperture, 8X7 
Front focal distance, 8.1 X 6.1X0 
Front vertex back focal distance, 3d.», 6.1.27 

Glare, veiling» 8.610, 6.1X19 
Glass, chemical durability, 8.7.4.4 

optical, 8.7.4 —' 
types, 8X9 

Goniometer method for measuring distortion, 
61X16.5 

Graynees, SX28 

Hartmann disk or »«t»nl»r ring method for nv»sui - 
mg spherical aberration, 5.1X18.1 

Haze position, 8X9X2 
High contrast target, 6X1.7.1 

Dlnmination, relative, 8.6.7, 6.1X11 
Image quality, 3.6JL 
Index, icfi active, 8.7.41 
Indirect computation method for measuring relative 

flhnninanee, 6X211.4 
Infinity, 5X1S 
Internal surf aces, 8.7J 
Iris diaphragm, 8X4 

marking of, 4X4 
specifying a, 10X6 

J 

K 

L 

Lamps, flash discharge, 5X1.4.1 
Laps, 3X14 
Lateral chromatic aberration, 3.6.4.2, 6.1.2.142 
Lena, front of photographic, 8.S.6 

back of photographic, SX6 
Light, white, 5.1.1.4 
Lines per millimeter, 6X1.7 
Longitudinal chromatic aberration, 36.4.1, 6.1.2.14.1 
Low contrast target, 6X17.3 

Markings, 4.1 
lens, 4.11 
e*n,4.12 

Mechanical and structural feature*. 3.4 
Mechanical axia, 3.1.8 
Medium contrast target, 5.1.1.7.2 
Member, 3.31 
Methods, 1, Equivalent focal length, pv -*^«Taphir 

method, 5.12.2.1 
1A, Equivalent  focal   lmgth,  combination 

method, 5.1.2.21.1 
2 Equivalent   iaeeJ   totgtfc,   nodal   «lldc 

nwthod 5.1.22 ? 
3, F'ffectivr «pwrtnrc. mJcrr.vwpt lrfrthod, 

5.1.29.1 
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a, 

G, 

7, 

8, 

». 

10, 

11, 

12. 

13, 
14. 

15. 

16. 

17, 

18, 

19. 

20, 

21. 

22. 

23, 

24, 
25, 

26, 

27, 

M. 
29. 
30. 
SI, 

22. 

S3, 

34. 

Effective aperture, point source method, 
5.1.2-9.2 

T-nuntbcr and transmittance, extended 
source method, 5.11.10.1 

T-number and transmittance, eollimator 
method, 5.1.2.101 

Relative illumination, extended source 
5.1.2.11.1 

Relative illumination, eollimator 
method, 5.11.11.2 

Relative  illumination, densitometric 
method, 5.11.111 

Relative illumination, indirect compu- 
tation method, 6.11.11.4 

Resolving  power,  eollimator  method, 
5.1.2.12.1.1 

Resolving power, target range method, 
5.11.12.11 

Resolving power, visual, 5.11.121 
Resolving  power,  projected  photogra- 

phic, 6J1.121 
Resolving   power,   projected   visual, 

511.12.4 
Astigmatism   and   curvature   of   field, 

resolving   power   target   method, 
5.11.13.1 

Astigmatism   and   curvature   of   field, 
nodal elide method, 5.11.131 

Longitudinal   chromatic   aberration, 
photographic method, 6.1.2.14.1.1 

Longitudinal    chromatic   aberration, 
nodal slide method, 5.1.2.14.11 

Lateral   chromatic   aberration,   photo- 
graph method. 5.11.141.1 

Lateral chromatic aberration, nodal 
slide method, 6.11.1411 

Paraxial   magnification,   photographic 
method, 5.11.15.1.1 

Paraxial magnification, visual method, 
5.11.15.11 

Calibrated magnification, 5.11.161 
Distortion,   target   rang*  method, 

5.11.16.1 
Distortion,  eollimator  hank  method, 

5.1.2.161 
Distortion, sinsrie eollimator photo- 

graphic method, 5.11.16.3 
Wstcrtfmn, nodal sitde method, 6.11.16.4 
Distortion, goniometer method, 5.1.2.16.5 
Distortion, projection method, 5.1.2.16.6 
Spherical  aberration, annular  ring  or 

Hartmann disk method, 5.11.18.1 
Spherical aberration, stopped-aperture 

method, 5.1.2.18.2 
Vei):nr friar«, photographic black spot 

method. 5.11.19.1 
VHHng; glare, photographic Mark ttrip 

method, 5.11.191 

35, Veiling   glare,  photoelectric   method, 
5.11.19.3 

Microscope method lor measuring effective aperture. 
5111.1 

Millriness, 3.8.11 
Miscellaneous features, 3.7 
Mold marks, 3.81.9 
Monocentric lens, 5.1.2.11.4.5 
Mounting, lens, 101 

in a barrel, 1011 
in cells, 101.1 
in a cone, 101.4 
in a focusing mount, 10X5 
with shutters, 1011 

N 

Nodal slide an optical bench, 5.1.11 
methods,   2, for measuring  equivalent  focal 

length, 5.1111 
17, for measuring astigmatism and cur- 

vature of field 511131 
19, for measuring longtasdinal chro- 

matic aberration, 6.11.14.11 
21, for measuring lateral chromatic 

aberration, 6.11.1411 
28, for measuring distortion, 5.11.16.4 

Numerical apertures and their corresponding f-num- 
bers, 5.1.11 

Obliquity angles. 3.6.7.4 
Optical axis, 3.1.1 
Optical bench and nodal slide, 3.1.21 
Optical characteristics, 3.6 
Optical glass, 3.7.4 
Optical system, 3.3.1 
Orange peel, 3.81.10 

Packaging. 10X9 
Parfocalized, 3.4.6 
Peel, orange, 3.6.2.10 
Performance designation, 3.7.1 
Photoelectric  method   of  measuring  veiling  glare, 

5.11.19.3 
Photographic black spot method for measuring veil- 

ing glare, 5.1.2.19.1 
Photographic black strip method for measuring veil- 

ing glare, 5.1.2.191 
Photographic plates and film, 5.1.1.5 

materials and processing, 5.11.12.1 
Photographic resolving power, 36.2.1, 5.11.12.1 

projected, 3.6.2.3. 5.1.2.12.3 
Photographic methods,  1   for measuring equivalent 

focal length, D.111.1 
«>,  for   measuring   relative   mnmlnanct, 

5.11.11:8 
11,  for measuring resolving power by eollima- 
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12. 

18, 

20. 

22, 

25, 

26. 

27. 

31, 

33. 

34, 

tor method. 5.1.2.12.1.1 
for measuring resolving power by target 
rang« method, 6.1.2.12.1.2 
lor  meamrin; projected  resolving  power, 
5.1.2.12.3 . 
for measuring longitudinal chromatic aber- 
ration, 6.1.2.14.1.1 
for roeasuring lateral chromatic aberration, 
5.1X14X1 
lor    measuring    paraxial    msamifieation, 
5.1X16.1.1 
for measuring distortion by  target range 
method, 6.1.2.16.1 
for measuring distortion by collimator bank 
method, 6.1.2.16.1 
for measuring distortion by single collima- 
tor method, 5.1.2.16.3 
for   measuring   spherical   aberration, 
5.1X18.1 
for measuring veiling glare by Wack spot 
method, 6.1X19.1 
for measuring veiling glare by black strip 
method, 5JX19.2 

Plane of best definition, S.ai 
over the picture area (BADOPA), 3.1X1.1 

Plane of the receiver, 3.1.8.2 
Point source method for measuring effective aper- 

ture, 5.1X9.2 
Polish, poor, 3XX11 
Position, hale, 8.6.9.1.2 

of greatest concentration, 3.6.9.11 
Principal point of autoeollimation, 3.6.6.4 
Prism effect, 8.6.6.6, 5.1X17 
Projected photographic resoWin» power, 8.6X3 
Projected "isual resolving power, 3.6X4 
Projection   m e t h o d    for   measuring   distortion, 

5.1X16.« 

Quality control and statistic»! data, 10.2.7 

Radial distortion, 5.1X16 
Radial Tesotring power, 8.6.2 
Reams, 3.8.1X1 
Rear operating aperture, 3.2.8 
Receiver, plane of the. 3.1.3.2 
Reference list, 10.3.1 
Reflection reducing coatings. 3.7J2 
Refraction, double, 3.7.4.3 
Refractive index, 3.7.4.1. 3.8.1.7. 3.8.1.8 
Relative illumination, 3.6.7. M_2.ll 
Rendition, contrast, 8.6.10 
Resolving power, 3.6.2 

Photographic. 3X12.1. 3.6.2.1 
projected, photographic, 3.6.2-5, 5.1.2.; 
projected, test plat«, 5 1X12.3 
projected, visual. 3.6.2.4. 6.1X12.4 

taget, 6.1.1.7 
target  method   for  measuring 

curvature of field, 5.1X13.1 
visual, 3.6X2, 5.1X12,2 

Run-ins, 3X2.3.1 

astigmatism   and 

Sagittal resolving power. 3.6.2 
Scratches, 3.8X12 
Seam, SX2JS 
Sections, beam, 3.6.7.3 
Shutter, lens mounted in a, 10X3 
Smears, 8.8X13 
Spanner wrench openings, 3.4.7 
Specific brilliance, 3.6.10 
Speed, lens, 3X1 
Spherical aberration, 3.6.9, 5.1X18 
Spots, water, 3X2.13 
Stain, 3.8X14 
Statistical data and quality control, 10X7 
Stones, 3.8.1.6 
Stop, f-, 4.1X1, 4.1XS 

fractional, 4.1.4.3 
opening, 4.1.4.2 
T-, 3X6, 4.1X2, 4.1.4.4 
T-, area weighted average, 8X4U 
tolerance of marking, 4.1.4.4 

3topped**pertarc   method  for measuring  sphericai 
aberration, 5.1X18.2 

Strain, SX1.7 
Stray light. 3.6.10 
Striae, 3X1.8 
Symmetry, point of, 5.1X16.1 

Tangential distortion, S.6.6X 6.1X16.7 
Tangential resolving power, 8 6.2 
Target, high contrast, 5.1.1.7.1 

low contrast, 5.1.1.7.3 
medium contrast. 5.1.1.7.2 
resolving power. 5.1.1.7 
range  method,   for  measuring  resolving   power, 

5.1X12.1.2 
for measuring distortion, 5.1X16.1 

Tetephoto. 3.3.8 
ratio. 3.1.10 

Test apparatus, 5.1.1 
Test conditions, 5.1.1.6 
Test methods, 5.1.2 
Tilt. fi*W, 3.1X1.2 

nanfr«, 2.1.3.1 
focal. 3.1.3X1 

Transmittance. ».68, o.lX-0 
T-nurober, 3X6 

area weighted  svirragf, S.S.« I 
T-stop, 3.2.6. 5.1.2.10 

markings, 4.1 44 
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5JUL12^ Method Ik — Projected photo- 
graphic resolving power. This test is intend- 
ed to be used primarily for enlarging lenses 
(type VI). A target plate of the required 
size containing resolving power targets 
(light lines on a dark background) and of 
the required range, and located as shown in 
Figure 8, with one set of the lines in tangen- 
tial and the other set in radial direction, shall 
be placed in the object plane (film plane) of 
the lens to be tested. The targets shall be of 
high contrast The target plate shall be even- 
ly illuminated by light from a condensing 
source. If required, the light shall be filtered 
to the color required by placing a filter be- 
tween the light source and the target plate. 
With the optical axis of the lens perpendicu- 
lar to the target plate, the lens shall be fo- 
cused at the designated magnification and 
aperture, and an exposure made on the 
designated photosensitive material. The 
photosensitive material shall be held fiat in 
a plane perpendicular to the optical axis of 
the lens. The correct exposure shall be that 
which gives the maximum resolution at posi- 
tion E of Figure 8. The test plate is pro- 
cessed in tiie required manner. The resolving 
power shall be read by observing the dry 
test plate under suitable magnification. The 
figures referred to in measuring resolving 
power by this method are the lines per 
millimeter on the target plate. It is recom- 
mended that enlarging )ense3 be tested at a 
magnification of 1:2 using medium contrast 
glossy chlorobromide paper processed 1% 
minutes in D72 developer, < diluted 1:2 at 
68° F. 

5.1.2.12.4 Method 15 — Projected visvud 
resolving power.** This test is intended to be 
used primarily for projection lenses (type 
Vil). A test object of the required size con- 
taining high contrast resolving power targets 
(dark lines on light background) of the re- 
quired range and placed as shown in Figure 
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FiCUBE 8. Projected Reiolvinfi Power Tett Plate 

under test upon a matte, white, grainleas 
screen. This screen shall be located at such a 
8 shall be projected by means of the lens 
distance from the projector that unless other- 
wise specified the long dimension of the pro- 
jected image will be at least 40 inches :*i 
order that the observer will have no difficulty 
in distinguishing the number of lines resolv- 
ed. The resolving power of the lens at any 
point in the field is the largest number of. 
lines per millimeter in the teat object that an 
observer close to ^he screen, sees definitely' 
resolved (easily counted) in both radial and 
tangential directions in the projected image. 
Care shall be taken to insure that the screen 
is perpendicular tc the optical axis of the 
projection lens, and that the lens is focused 
so that the image at the center of the test 
plate has maximum contrast. The projector 
used in this test may be a regular produc- 
tion model or a special test projector. The 
glass test object shall be Mat and hel</ con- 
centric with and normal to the optical axis 
of the projection lens. The cone of light from 
the projection lamp through a condensing 
system shall completely fill the entrance pupil 
of the projection lens. The test object shiM 
be uniformly illuminated. 

5.1.2.13 Astigmatism and curvature of 
field. 

5.1.2.13.1 Method IS — liesolving -power 
target method. By means of any of the meth- 
ods for measuring resolving power specified 
in methods 11 through 16, resolving power 
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shall be determined for different positions 
of the test plate in the image apace. The test 
plate or plates are exposed in small steps, at 
different distances along the optical axis of 
the lens. The length of each step depends 
upon the corrections, focal length, and aper- 
ture of the lens being tested. A sufficiently 
large number of steps shall be taken to in- 
sure at least three steps on each side of the 
best focus position for both radial and tan- 
gential lines at any angular position. Upon 
reading the targets, the position of best focus 
shall be determined (for radial and tangen- 
tial lines separately) at which the resolution 
is a maximum at each angular setting. These 
focus positions are plotted against angular 
settings, and two curves representing the 
two image surfaces are obtained. The curve 
representing curvature of field is a median 
drawn between the two curves representing 
the image surfaces. (See 3.6.3.) The astig- 
matic difference is obtained by taking the 
difference in the focal setting at a specific 
angle for the two image surfaces. 

5.1.2.13.2 Method 17 — Nodal ulide method. 
This method may be used in lieu of method 
16. In this method the lens to be tested shall 
be set up in front of a suitable collimator 
equipped with a target containing; vertical 
and horizontal lines and centered so that the 
optical axis is parallel to the collimator axis 
and coincident with the axis of the observing 
microscope. The lens shall be moved along 
the microscope axis until the axis of rota- 
tion of the nodal slide intersects the rear 
node. The microscope shall be focused on the 
axial image and the position of the micro- 
scope notedf The lens shall then be rotated 
about the axis through the rear node and 
perpendicular to the optical axis of the lens. 
At multiples of angular positions of V/* 
degrees out to the edge of the field, the 
microscope shall be separately focused on the 
radicl and tangential lines. The focal chansre 
from the axis position shall be noted at the 
angular field positions for the r»dial and 
tangential lines. To obtain curves such as 

specified in method 16, the factor f(l- 
cos /3)/cos ß is subtracted from the micro- 
scope settings, and this difference is multi- 
plied by the cos ß. If a flat field bar is used 
at the microscope it is not necessary to sub- 
tract the factor f(l-cos /5)/cos ß. When 
curves are obtained, the procedure for deter- 
mining the curvature of field is the same as 
that in method 16. 

5.1.2.14 Color correction. When the image 
quality is found satisfactory on the basis of 
other applicable tests, the color correction 
can also be considered as satisfactory. Direct 
measurements of color corrections may be 
needed when some special color requirements 
are to be met. These measurements may be 
specified in terms of minimum resolving 
power or limits on individual color correc- 
tions. 

5.1.2.14.1 Longitudinal chromatic aberra- 
tion. 

5.1.2.14.1.1 Method 18 — Photographic 
method. Photographic resolving power meas- 
urmenents shall be made as specified in 
method 11 or 12, utilising light of the colors 
designated, repeating the test for each color. 
The light used may be supplied by a mono- 
chromator or it may be filtered white light, 
as specified. The focus positions at which 
the maximum resolving power (AWAR un- 
less otherwise specified) is obtained shall be 
determined for each color. The longitudinal 
color aberration for a particular color is the 
difference in focal setting for this color and 
white lieht, or for this color and a specified 
color. When the focal setting for the first 
color is greater than the focal setting for the 
reference color or white light, the longitu- 
dinal chromatic aberration is 3aid to be 
posi ive. Generally, the reference color 
shou d be towards the red end of the spec- 
tral range under consideration. 

5.1.2.14.1.2 Method 19 — Nodal alitU meUi, 
od. When  specified,  a nodal  slide optical 
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3.1.2.2.1 When * lens is supplied in cells, 
without barrel 0/ Bhutter, the locating sur- 
face of the lens mount is denned as the seat- 
ing surface of the rear cell. 

3.1.3 Meclumical axis. The mechanical axis 
of a lens is that continuous straight line in 
space perpendicular to the plane of the flange 
or locating surface of the lens mount and 
passing through the center of symmetry of 
the flanpe or locating surface. 

3.1.3.1 Flange tilt. The flange tilt of a lens 
is the an rle between the optical axis and the 
mechanical axis. 

3.1.3.2 Plane of the receiver. The plane of 
the receiver is that plane in the image space 
in which the receiver or the film in a camera 
is located. 

3.1.3.2.1 Focal tilt. The focal tilt is the 
angle between the plane of best definition 
and the plane of the receiver due to the me- 
chanical structure between the lens flange 
and the receiver. It is not a true characteris- 
tic of the lens alone. 

3.1.4 Equivalent focal length.* The equiva- 
lent focal length, or EFL, often referred to 
more simply as the focal length, determines 
the scale of the linage produced by the 'ens. 
When a riven objec' is at an infinite dist;; ice, 
images produced by distortionless lenst of 
the same equivalent fopal length will be e ,ual 
in size, and images produced b.. lenses of dif- 
ferent equivalent focal lengths will var - in 
size directly as the respective equivalent 
focal lengths. The equivalent focal length :s 
defined by the equaüon: 

Y 
EFL 

tan ß 

ß  ffL 0 (1) 
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where / is the transverse distance from the 
principal focus to the center of the image in 
the imago-space focal plane of an infinitely 
distant object point which lies in a direction 
making an anp.le ß with the optical axis. The 
equivaler . food length shall be measured in 
accordance with 5.1.2.2. 

3JL.5 Calibrated focal length* The cali- 
brated focal length, or CFL, is defined as an 
adjusted value of the equivalent focal length 
of a luns mounted in a camera or cone, so 
chosen as to distribute the distortion in the 
manner bes^ suited to conditions under which 
the photograph is to be employed. The cali- 
brated foes 1 length shall be determined in 
accordance with 5.1.2.3. The calibration con- 
ditions shaH be covered by the detailed speci- 
fication. 

3.1.6 Back focal distance. The back focal 
distance, or BF, is defined as the distance 
measured from the vertex of the back sur- 
face of the lens to the plane of best defini- 
tion. The back focal distance shall be meas- 
ured in accordance with 5.1.2.4. 

3J..7 Flange focal distance. The flange focal 
distance, or FD, is defined as the minimum 
distance from the center of symmetry of the 
lens flange in the plane of the flange to the 
plane of bi t definition. In a perfect lens, this 
distance is measured along the mechanical 
axis which coincides with the axis of best 
definition. The fl:.nge focal distance »hall be 
measured in accordance with 5.1.2.5. 

3.1.8 Front focal distance.* The front focal 
distance, ör FF, is defined as the distance 
measured from the principal focus located 
in the front space to the vertex of the front 
surface. The front focal distance shall be 
measured in accordance with 5.1.2.6. 

3.1.9 Front vertex back focal distance.* The 

< American Handard Method of DMlgnattn* and Maaaozinr. 
Focal Lcngthi and Focal Dtataneaa of Pboto>i»l>hia UUM, 

ZSS.4.21 — 1948. 

> SM footnote 1. 
• Saa faotnota 1. 

Supenedea Pa»e 3 of 12 May 1959 
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front vertex back focal distance, or FVD, is 
defined as the distance measured from the 
principal focus in the back space to the ver- 
tex of the front surface. The front vertex 
back focal .distance shall be measured in 
accordance with 5.1-2-T- 

3.101) Telephoto ratio. The tetephoto ratio 
is defined as the direct ratio of the equivalent 
focal length to the front vertex back focal 
distance. 

3.1,11 Depth fif '>cy* and dfpth of fi-eid. 
For every plane in r ie object sf.ace, a photo- 
graphic lens product A as image plane of best 
definition in the image space. In front of or 
behind this plane of \>estvdefinition is a region 
within whjch the images of the selected oh- 
ject plane are of satisfactory quality. The 
distance separating the focal planes bond- 
ing tins region is the depth of focus for the 
selected object piajoe. Siniiiarly, there exists 
a region in space within which objects axe 
imaged with satisfactory quality on a se- 
lected image plane. •The distance separating 
the planes bounding this region is the depth 
of field, The extent of these regions of satis- 
factory focus may be defined in terms of a 10 
percent reduction of area weighted average 
resolution (AWAR) below that obtained at 
the best focaji position. , 

3.2 APERTURE AN© RELATED QUAN- 
TITIES. 

3454 Len$ tpeed. Lens speed is 4hat prop- 
erly of a lens which affects the image il- 
luminance. Lens speed shall be specified in 
terms of the following expression»: aperture 
ratio, relative aperture, or T-stop. 

3.2.2 Aperture ratio.* The aperture ratio 
is the ratio 1:N or the fraction 1/N (writ- 
ten in this manner with the fii n member of 
the ratio, or the numerator of. the fraction. 

equal to 1) where N is defined by the equa- 
tion: 

1 
N =  

2n sin a 
In this formula, n is the index of refraction 
of the medium in which the image is fonrt.I 
(approximately 1, if the image is formed in 
the air) and a is the angle subtended at the 
axial point of the image by the semidian. ;ter 
of the exit pupil of the lens at a given dia- 
phragm setting. If the exit pupil is not cir- 
cular, the equivalent circle having the same 
area as the actual <oat pupil should be used. 
Thus, for an objective in air, the aperture 
ratio is equal to 2 sin a. If the aperture ratio 
is given without qualification, its value is 
that corresponding to the largest indicated 
diaphragm opening and an infinitely distant 
object. If the object is at a finite distance, tv c 
value of the aperture ratio should be qualified 
by a statement of the corresponding magnifi- 
cation. The aperture ratio is applicable for 
the determination of exposure time wher 
the object is at an infinite or a finiji. dis- 
tance. For any magnification, the exr.>sure 
time is inversely proportional to the square 
of N. Thus, the aperture ratio is a measure 
of the image illuminance. (For test procedure 

i«.LSL8). 

•i 

♦ Anwriean Standard Mathoda o< Datiitnati i« and Maaaortan 
Apartura» and   Balatad   Quantiliaa Fartainln .   to   PbotocrasUc 

Z*8.4J0 — 1948. 

&2J& „Effective aperture.* The effective 
aperture of a photograpmc objective for 
distant objects, for a given setting of the 
diaphragm, is an opening equivalent to a 
right section of the largest beam of parallel 
light from an axial object point that is trans- 
mitted by the lens. It is usually circular, or 
approximately so, and is specified by its dia- 
meter. If the section is not circular, the effec- 
tive diameter shall be the diameter of a circle 
having the same equivalent area. (For 'ast 
procedure, see 5.I.-.9.) 

3.2.4 Clear aperture.5 The * :ear apert r<: 

of each surface in a Ions system is the m; :ri- 

•J 
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mum clea opening o£ the surface which is 
actually med in forming an image in any 
part of thi field. The mount aperture at each 
surface sh ill be at least as large as the clear 
aperture in order that vignetting will not 
exceed the computed value. The clear aper- 
ture is usually circular and specified by its 
diameter, it is sometimes referred to as the 
free aperture. 

0.2.5 Re, aut aperture.5 The relative aper- 
ture shall je defined as the ratio of the EFL 
to the diameter of the effective aperture. The 
svmuol for relative aperture shah be it 
followed by a numerical value. It is written 
as a fraction, for example, f/2 signifies that 
the diameter of the effective aperture is one- 
half the focai length. For an object at an 
infinite distance, the denominator of the rela- 
tive aperture .md the second member, N, of 
the aperture r.itio are identical, provided-the 
image is formed in air and the imagery obeys 
the sine condition. 

3.2.5.1 i-numberfi The f-number shall be 
defined as the denominator in the expression 
for the relative aperture. Thus, if the rela- 
te aperture is f/2, the f-number is 2. 

3.2.6 T-stop and T-number.'' The T-stop is 
referred to as the aperture of a lens cali- 
brated photometrically and assigned a T- 
n umber, which is the f-number of a circular 
opening in a fictitious lens having 100 per- 
cent trans:pittance, and which gives the same 
central image illuminance as the actual lens 
at the specified stop opening. Hence, for a 
lens with a circular aperture, the 

T-number = 
f-number 

Vt 
(3) 

where t is the transmittam-e. For a lens with 
.m effective :*.:>erture -v any shape and area 

* Oet-  IUOtAOLW  4.   tMlg«  4. 

• 1M**   faotr.t'^; -    pair? 4. 
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A, the corresponding formula is: 

T-number = V" I) 
2       * At 

The transmittance of the lens shall be defined 
as the ratio of the transmitted light flux to 
the incident light flux. The symbol for the 
T-stop shall be T followed by a space and a 
numerical value — for example, T 2. The 
numeral 2 represents the T-number. (F r 
test procedure, see 5.1.2.10.) 

3.2.6.1 Area weighted average T-nu/a .i -. 
The T-number as defined in 3.2.6 is a au - 
parative measure of illuminance on the ax; - 
of a lens. Since the illuminance usually varie.- 
over the field, a need may exist for determin- 
ing T-numbers for off axial im^ge points and 
computing an average T-number. In accord- 
ance with the basic photometric relation- 
ships involved, the general definition of T- 
number is given as 

'■--W wB/E, (5) 

Since,  in  accordance  with  this definition, 

« To -W       E„ 

"E. 

E, 
(6) 

tlibrmtioc of Motion Plrtum 

In these expressions, Tt is the T-number for 
an image point in a zone i, T0 is the axial 
T-number, B is the object luminance, E0 is 
the illuminance on the axis, and Et is the 
average illuminance for the zone. Compatible 
units should be used for quantities B, E„, 
and Ei. When the illuminance is averaged 
over the field, weighting the average by the 
area of the circular zone in which the illumi- 
nance is determined, and this average is sub- 
stituted for Ei in equation (6), the resulting 
T-numLer is called the area weighted aver- 
age T-number, or AW AT. For circular zones 
which extend beyond the ooundaries of the 
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picture format, only the area lying within 
the format shall be used in determining the 
weighting ratios. The equations for comput- 
ing A WAT are: 

AWAT = To / 

r AWAT - 10 T 

(7) 

o-,    (8) 

in which A is the trtal area of the picture 
format, A, is the area of a particular zone, 
and cr, is the average relative illuminance for 
that zone expressed in percent. 

ZJ2JJ Front operating aperture. The front 
operating aperture is denned as the limiting 
aperture at the front of the lens. It will usual- 
ly be given as the maximum diameter of the 
entrance cone at the front vertex for the 
specified field of view at infinity focus. 

3.2.8 Rear operating aperture. The rear 
operating aperture is denned as the limiting 
aperture at the rear of the lens. It will usual- 
ly be given as the maximum diameter of the 
emergent cone at the rear vertex for the 
specified field of view at infinity focus. 

3.3 CONSTRUCTIONAL FEATURES. 
Pertinent features include details of the . jn- 
struction of the tens. These may relate to the 
phvsical configuration, or arrange neni of 
the individual elements, to some spewhed 
optical characteristic or to the nomenclature 
of the various parts. Constructional features 
of photographic lenses are listed with defini- 
tions and explanatory data. 

3.3.1 Optical system.» The optical system 
includes all the parts of a photographic lens 
and accessory optical parts which are de- 
signed to contribute to the formation of an 
image on the photographic emulsion or on a 
screen for viewing. 

■juu.rim  ff——■»  WOMB«*«»» «* *■■*• •* * 
«llWi Lau TBMM — 19**. 

ZJ&JZ Member.» A member of a photo- 
graphic lens is a group of parts considered 
as an entity because of the proximity of its 
parts or because it has a distinct but not 
always entirely separate function. 

3.3.3 Component.« A component of a photo- 
graphic lens is a subdivision of a member. It 
may consist of two or more parts cemented 
together or with near and approximate!. 
matching surfaces. 

3.3.4 Elementfi An element of a photo- 
graphic lens is a single uncompounded lens, 
i.e., a part constructed of a single piece. The" 
total number of elements is a significant con- 
structional feature of a lens. 

3.3.5 Front of photographic lens.« The 
front of a photographic lens, in general, is 
the end carrying the engraving, and usually 
facing the longer conjugate. In lens draw- 
ings, the front generally faces left or up. A 
notable exception is certain lenses intended 
to be used in photomicrography in which th* 
front of the lens faceB the shorter conjugate. 

3.3.8 Back of photographic lens.* The back 
of f photographic lens, in general, is the end 
carrying the mounting thread or other 
attaching means and usually facing the 
shorter conjugate. 

3 3.7 Name of design. Designs of lenses in 
wh m particular configurations of elements" 
are employed are often given names. These 
nam;s are usually trade names, and the name 
ordr arily applied to any particular configu- 
ration is usually the trade name of the oldest 
design of a particular type such as "Tessar." 
In some cases, however, the design name 
may not be a trade name but may be based 
on some feature of the lens configuration 
such as "Symmetrical." 

3.3.8 Telephoto. A telephoto lens is defined 

« 

•> 
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as a lens for which the telephoto ratio is 
greater than one. (See 3.1.10.) 

3.3.9 Glass types. A constructional feature 
is the type of optical glass of which each 
element is made. 

3.4 MECHANICAL AND STRUCTURAL 
FEATURES. 

3*4.1 Cell. A cell is a mechanical structure 
holding an element, component, or member. 

3.4.2 Barrel. A barrel is a mechanical 
structure in which the lens is mounted. 

3.4.3 Cone. A cone is" defined as the 
mechanical structure to which a lens barrel 
or shutter, with lens, is attached in order to 
bring the image in focus in the film plane of 
a specific aerial camera. 

3.4.4 Lens diaphragm' A lens diaphragm 
is a mechanical device for reducing the 
effective aperture of a lens. It may take the 
form of an iris or a Waterhouse stop. An iris 
diaphragm consist of leaves providing an 
opening continuously variable in sixe. A 
Waterhouse stop is a removable aperture of 
fixed size which fits in the lens barrel. Water- 
house stops are usually provided in a graded 
series of apertures. 

3.4.5 Iris diaphragm, control. Unless other- 
wise specified, when looking at the front of 
a lens or remote control knob, a counter- 
clockwise rotation of the diaphragm control 
shall reduce the aperture or stop the lens 
down. 

3.4.6 Parfocalized. Lenses mounted in bar- 
rels may be specified as parfocalized, i.e.) the 
flange focal distance may be specified to close 
tolerances that would secure an image in 
satisfactory focus when the lenses are inter- 
changed on a camera. 
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3.4.7 Spanner wrench openings. When re- 
quired in order to facilitate removal of cells, 
element«?, components, or members from a 
cell or barrel, there shall be two openings 
180 degrees apart for application of a span- 
ner wrench. Each opening shall either be 
circular in shape, or a slot with parallel 
sides. 

3.5 FIELD OF VIEW. The field of view of 
a lens is a measure of the size of the image 
area or conjugate object area which is satis- 
factorily reproduced. This field may be de- 
fined in terms of the maximum size of the 
negative or projection material with which 
the lens is to be used.« The angular measure 
for field of view is the half angle, which, un- 
lesB otherwise specified, is the angle sub- 
tended at the first nodal point by the optical 
axis and a straight line to an object point 
which is imaged at the extreme corner of the 
negative. For a projected image, the half 
angle is the angle subtended at the second 
nodal point by the optical axis and a line to 
the image point conjugate with the extreme 
corner of the projection material. The half 
angle is sometimes referred to the side of 
the image area and'in such cases it shall 
always be so specified. The field of view may 
also be designated as the total field angle 
which is twice the half angle. Coverage is a 
less precise term for field of view. 

&* OPTICAL CHARACTERISTICS. Opti- 
cal characteristics include all properties of a 
lens affecting its optical performances such 
as image quality, distortion, transmittance, 
image color, and condenser characteristics. 
When specifying optical characteristics or 
individual aberrations, the definitions and 
nomenclature set forth herein shall be used. 

3.6.1 Image quality. Image quality em- 
»Formal SÜaa for Air Cutrw, ABC AH 8R> It/1. I Fife. 

M. Tba partMpaat» mtrm* that air camera format ataa* aball 
ba: *K br t*t iacbaa. 4% by 4% iBobaa. • by • teebaa, • br 1« 
Inobaa, 18 br IS Inebaa. Format Slaw for Groan* Ganaraa. 
ABC AIR STD M/i, 15 Mar. M. Ground camara format •iao> 
ttt,^.«».-! abaU bai 1 by IV toebaa (M by II inmiiatari). 
Ztf by a* taeba», S.S by l.U taahae. 
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braces all the properties of a lens affecting 
the quality of the image auch as resolving 
power, aberrations, image defects, and veil- 
ing glare. Aberrations are optical defects in- 
herent in the lens design. Because of manu- 
facturing variations, it often happens that 
the measured aberrations differ from the 
computed aberrations. Image defects are 
optical defects not inherent in the lens design 
and resulting entirely from manufacturing 
and mounting variations. This standard is 
primarily concerned with optical perform- 
ance. Optical performance can be measured 
in terms of resolving power, or specific 
optical characteristics. 

3.6JZ Resolving power. The resolving power 
of a lens is a measure of its ability to image 
closely spaced objects so that they are recog- 
nizable as individual objects. The resolving 
power shall be expressed in lines per milli- 
meter, usually in the short conjugate plane. 
Resolving power is measured by photograph- 
ing or observing suitable test charts at speci- 
fied fHtgftl**» distances from the center of 
the field. The test charts shall consist of 
groups of parallel straight lines and^spaces 
of equal width; the resolving power is the 
reciprocal of the center-to-center distance 
of tiie lines that are just distinguishable in 
the recorded image. By lost distinguish- 
able" is meant that the observer is able to 
count the correct number of lines in the re- 
corded image» over the entire length of the 
fines and in the correct orientation, subject 
to the provision that no coarser pattern shall 
be tnuresolvsxL The appearance of resolution 
in a finer pattern after failure to resolve a 
coarser pattern is an indication of the pres- 
ence of spurious resolution. Spurious resolu- 
tion is a phenomenon wherein fine lines are 
resolved, yet coarse lines are not. For non- 
axial points, it is necessary to consider the 
orientation of the lines. For example, the 
resolving power for radial lines, or "radial 
resolving power": (sometimes called "sagittal 
resolving power**), at a given paint in the 

image j lane is the resolving power for close- 
ly spaced lines that are parallel and adjacent 
to the radius drawn from the center of the 
field to the given point Resolving power for 
tangential lines, or "tangential resolving 
power," is the resolving power for closely 
spaced parallel lines that are tangent and ad- 
jacent to a circle drawn through the give i 
point whose center lies at the center of the 
field. Resolving power may be specified as 
mfn-itniim acceptable resolving power, re- 
gardless of whether radial or tangential at 
specified angles from the optical axis of the 
lens, or it may be specified at both minimum 
acceptable radial and minimum acceptable 
tangential resolving power at specified angu- 
lar distances from the optical axis. The aver- 
age resolving power weighted in terms of 
the area of the negative, the area weighted 
average resolution (AWAR), provides a 
single value by which the resolving power 
for the entire field may be specified. (See 
3.121.1 and 3.6.2.5.) 

3.6.2.1 Photographic revolving power. 
Photographic resolving power is used in 
specifying and measuring performance of 
type I, II, HI, IV, V, IX, XII, and Xm lenses 
and is the greatest number of lines per milli- 
meter recorded photographically as separate 
lines. A target pattern is considered resolved 
when it meets the conditions described in 
3.6.2. Photographic resolving pow*r depends 
markedly an the photographic conditions 
employed, and on the presence of back- 
ground glare from the illuminated target. 
When specifying photographic resolving 
power, it is necessary also to specify the 
color of light to be used, the type of photo- 
sensitive material and processing, the lens 
speed at which the test is made, the contrast 
of the target, and the magnification or focus 
at which the lens is tested. (See 5.L2.12.L) 

3.6.2.; Visual resolving power. Visual re- 
solving power is used in specifying and 
measuring of type X lenses, and is defined 
as the greatest number of lines per milli- 

•> 
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meter in the image of a teat target pattern 
that are just barely distinguishable as 
separate lines under adequate magnification. 
When specifying visual resolving power it is 
necessary also to specify the target contrast. 
(See 5.1.2.12J2.) 

3.6.2.3 Projected photographic resolving 
power. Projected photographic resolving 
power is used in specifying and measuring 
the performance of tvpe VI lenses and is 
defined as the greatest number of lines per 
millimeter, in the object plane, that are bare- 
ly distinguishable as separate lines when 
observing under magnification a photo- 
graphicall-- recorded, projected image of a 
suitable t< st target. (See 5.1.2.12.8;) When 
specifying projected photographic resolving 
power it is necessary also to specify lens 
speed, focus, magnification, type of illumina- 
tion, contrast of target, type photosensitive 
material and its processing. 

3.6.2.4 Projected visual resolving power. 
Projected visual resolving power is used in 
specifying and measuring the performance 
of type VII lenses and is defined as the 
greatest number of lines per millimeter in 
the object plane that are distinguishable as 
separate lines in the projected image. When 
specifying projected visual resolving power, 
it is usually understood to imply a high con- 
trast target (dark lines on light back- 
ground). (See 5.1.2.12.4.) 

3.6.2.5 Area weighted, average resolution. 
A single average value for the resolution 
over the picture format may be determined 
for any given focal plane as the area 
weighted average resolution, or A WAR. To 
determine the AWAR, the picture format is 
divided into concentric annular zones whose 
boundaries are determined from the angles 
which are midway between successive test 
angles. For zones which extend beyond the 
boundaries of the picture forviat, only the 
area lying within the format shall be used 
in determining the weighting ratio. The reso- 
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lution obtained at any given test angle is 
multiplied by the ratio of the arta of the 
zone for that angle to the total area of the 
picture format. The AWAR is the sum of 
these products. To obtain a single value of 
the resolution for each test angle, the geo- 
metric mean of the tangential and radial 
resolutions shall be used. However, the com- 
putations may be simplified by the use of an 
arithmetic mean whenever the tangential 
and radial resolutions differ by less than a 
factor of 2 to 1. When more than one meas- 
urement is made at any given test angle, an 
arithmetic mean shall be determined for the 
tangential and another for the radial reso- 
lutions. The area weighted average resolu- 
tion is defined as: 

^ 

A, 
AWAR = ^^    —-  JR, T, 

A      N (9) 
where Ai is the area of a particular zone, Rt 
is the average radial resolving power in tnis 
zone (or radial resolving power at the mid- 
point of the zone), Tt is the average tangen- 
tial resolving power in the zone (or the tan- 
gential resolving power at the midpoint 
of the zone), and A is the total area of ;he 
picture format, and 2 is the summation 
sign, summating the values 

A,  

over all zones in the picture area. 

3.6.3 Astigmatism and curvature of field. 
In general, a lens possesses two image sur- 
faces : one in which lines radial to the optical 
axis are best defined and the other in which 
lines tangent to circles concentric with the 
axis are best defined. Noncoincidence of 
these two image surfaces is called astig- 
matism, and the separation of the two image 
surfaces, measured parallel to the optical 
axis, is called the astigmatic difference. A 
median surface lying between the two is 
called the surface of least confusion and the 
definition in this image surface is  least 
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affected by orientation of the object None of 
the surfaces is a true plane. The departure of 
the surface of least confusion from a true 
plane is called curvature of field. Resolving 
power figures, specified in accordance 'with 
,8.6.2, will usually be considered as ref erring 
to a flat image and object plane. When curva- 
ture of field is specified, the magnification at 
which rt is to be measured shall be stated. 
(Sae 542.18.) Figure 1 is plotted as an 
Example of the astigmatic difference. 

AH6ULA* INSTANCE FMH AXIS 
PlOUU L AetigvuMe Diferenee 

34.4 Color correction. Color correction is 
defined as the reduction of longitudinal and 
lateral chromatic aberrations. It may be 
specified in terms at the kind of light and 
color sensitivity of the photographic mate» 
rial to be used with the lens, e.g., the lens is 
color corrected for use with white light and 
panchromatic film of ASA speed 100. The 
color correction may be specified in terms of 
the Fraunhofer lines in the solar spectrum 
that are to be used in the lens calculations, 
e.g., C and F correction. The magnification 
at which the color correction is^ accomplished 
shall be designated. (See 5.1.2.14.) 

3.6.4.1 Longitudinal chromatic aberration. 
Longitudinal chromatic aberration is defined 
as a variation in back focal distance for light 
of different colors or wave lengths. It is 
specified in terms of this focal change for 
light of specified colors. (See 6.1.2.14.1.) 
Figure 2 is plotted as an example of longi- 
tudinal chromatic aberration. 

S.C4L2 Lateral chromatic aberration. Late- 

-M «♦xa ♦.to 

FOCAL   CHAH6E   (nn) 
FiOUKK  2. Lonnitudmal Chromatic A'temtiov 

ral chromatic aberration is a variation ir. 
image scale of a lens for light of different 
colors or ware lengths. When required, 
limits on lateral chromatic aberration will 
be specified as the radial displacement in 
millimeters of the image la the first color 
from the image of the same point in the 
second color. (See 5.1.2.14.2.) Figure 3 is 
plotted as an example of lateral chromatic 
aberration. 

4L 
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WAVE LENGTH Or LISHT   (rtO) 
FK;UKB 3. Lateral Chromatie Aberration 

3.6.5 Magnification. 

3.6.5.1 Paraxial magnification. The paraxi- 
al magnification, often referred to more 
simply as magnification, determines the scale 
of the image when the object is at a finite 
distance from the lens. The paraxial magni- 
fies ion, or PM, is defined by the following 
equation: 

/ 
PM = limit  (10) 

y 
y ¥- 0 

where / is the radial distance from the opti- 
cal axis to the image point in the image plane 

# 'J 
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3.8.1 Material defects. 

3.8.1.1 B bbles. Bubbles are air or gaseous 
inclusions entrapped within the glass. 

3.8.1.1.1 Seeds. Seeds are very small bub- 
bles 

3.8J..1.2 Air bette. Air bells are irregularly 
shaped bubbles 

3.8.1.2 Cracks. Cracks are shallow separa- 
tions or  ireaks in the glass. 

3.8.1.3 Feathers. Feathers are powdered 
surfaces folded into the glass in the pressing 
process. 

3.8.1.4 Fold, or laps. Folds, or laps, are 
areas in which the glass has been folded 
upon its« If but not fused. 

3.8.1.5 Mükiness. Milkiness is caused by 
cloudy or milky areas within the glass. 

3.8.1.6 Stones. Stones are fragments of 
undissolved material in the glass. 

3.8.1.7 Strain. Strain is tension within the 
glass caused by inadequate annealing or im- 
proper mounting. It is an area of index of 
refraction differing from the nominal. 

3.8.1.S Striae. Striae are streaks or veins 
in the glass with the index of refraction dif- 
fering from that of the body of the glass. 

3.8.1.8.1 Reams. Reams are fine bands of 
striae. 

3.8.1.8.2 Cords. Cords are streaks of very 
heavy striae. 

3.8.2 Manufacturing defects. 

3.8.2.1 Blisters. Blisters are bubbles in a 
cement layer. 
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3.8J2.2 Burns. Burns are reddish stains 
generally ground on the central areas of 
elements They are usually caused by the 
drying-up or glazing of a polisher. 

3.8.2.3 Cement starts. Cement starts are 
spots where the components of a cemented 
lens have started to separate. They can be 
small irregular spots between the elements 
or run-ins at the edge, insufficient cement, or 
cement at the edge dissolved by a solvent. 

3.8.2.3.1 Run-ins. Run-ins are cement sepa- 
rations at the edge - of a cemented compo- 
nent. 

3.8.2.4 Chips. Chips are areas from which 
glass has been broken away from the sur- 
face, edge, or bevel of an optical element. 

3.8.2.5 Cracks. Cracks are breaks in the 
glass. 

3.8.2.6 Digs. Digs are breaks of the pol- 
ished surface of a round, oval, square, etc., 
shape including pits, holes, and surface 
broken bubbles. 

3.8.2.6.1 Dirt holes. Dirt holes are digs 
filled with rouge. 

3.8.2.7 Dirt. Dirt consists of dust, lint, or 
other foreign matter on the surface or en- 
trapped in a cement layer. 

3.8.2.8 Grayness. Grayness is represented 
by finely ground areas indicating incomplete 
or improper polishing. 

3.8.2.9 Mold marks. Mold marks are marks 
on the surface produced by molding. 

3.8.2.10 Orange peel. Orange peel is poorly 
polished surface, pock-marked with pits, 
having much the same surface appearance 
as the skin of an orange. 

3^J2.ll Poor polish. Poor polish pertains 
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to polished surfaces containing minute pits 
of a gray or red color. They are gray grind- 
ing pits in the surface of the glass, or red 
grinding pints in which rouge has been so 
deeply embedded that it has to be removed 
by further polishing. 

3.8X12 Scratches. Scratches are furrows 
or grooves in the surface of the glass caused 
by the removal of glass, usually made by 
coarse grit, fragments of glass, sharp tools, 
etc., rubbed over the surface. 

3.8.2.13 Smears, scum, water spots, etc. 
Smears, scum, water spots, etc., are residue 
of evaporated or unevaporated moisture. 
They are usually removable by "normal" 
cleaning. 

3^X14 Stain, Stain is a discoloration of 
the glass surface, usually brown, blue, or 
green, caused by the deposit of foreign mat- 
ter, or changes produced on the surface of 
the glass by chemical action of some sub- 
stance with the glass. 

% 

4. GENERAL REQUIREMENTS 
4.1 MARKINGS. 

4.1.1 Lens markings. Lens markings, such 
as maximum aperture, focal length, field of 
view, and serial number shall be placed on 
the front of the lens cell or on the barrel if 
space limitations so require. The lens name 
and serial number shall be assigned by the 
manufacturer. 

4.1.2 CeU marking. Lenses supplied in cells 
or constructed with removable cells .shall 
have all cells permanently marked with at 
least the last three digits of the lens serial 
number. 

4.1.3 Maximum aperture. All types of 
lenses, except types X and XI, shall be 
marked with their maximum aperture stated 
either as the relative aperture, aperture ratio 
or T-etop. 

4.1X1 The symbol for relative aperture of 
a lens shall be f/ followed by the numerical 
value, for. example f/2.O.** 

4X3.2 The symbol for the T-stop of a lens 
shall be T followed by a space and then the 
numerical value, for example T 2X 

4.1X3 f-nwmber.i* The effective diameter 

of the maximum aperture of the lens shail 
be at least 95 percent of the quotient ob- 
tained by dividing the marked focal length 
by the f-number corresponding to the maxi- 
mum marked aperture. 

4.1.4 Iris diaphragm control marking. 

4.1.4.1 Full stop.** The standard series of 
diaphragm markings, or stop openings, shall 
be 0.7, 1.0, 1.4, 2.0, 2.8, 4.0, 5.6, 8, 11, 16, 22, 
32, 45, 64, 90, and 128. 

4.1X2 Maximum aperture value.™ The f- 
number corresponding to the maximum aper- 
ture, T-number, or aperture ratio value 
marked need not be selected from *V above 
series but shall be followed by the above 
series of stop openings beginning with the 
next largest number whenever practical and 
progressing as far as required in the individ- 
ual application; e.g., for an f/1.9 lens the 
diaphragm might be marked f/1.9, 2.8, 4.0, 
5.6,8, etc, if it was believed that to mark it 
f/1.9, 2.0, 2.8, 4.0, 5.6, etc., would confuse 
the marking at the f/1.9 end of the scale. 

4X4.3 Fractional stop values. In addition 
to the numbered values, each stop ma;' be 
divided into three subdivisions by dots or 
marks (not numbered), the dots being at 
"thirds of a stop," e.g., 0.7, 0.8, 0.9,1.0, 1.12, 

• 
; 
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solving power target, used on all tests shall 
be as follows: The target shall consist of a 
series of patterns decreasing in size as the 
V2, f 2, TJ/2", with a range sufficient to cover 
the requirements of the lens-film combination 
under test. The standard target element shall 
consist of two patterns (two sets of lines) 

' at right angles to each other. Each pattern 
shall consist of three lines separated by 
spaces of equal width. Each line shall be five 
times as long as it is wide. (See Figure 7.) 
For types I and II lenses, targets with light 
lines on a dark background are preferred; 
for types IV, VI, VII, XII, XII lenses, tar- 
gets with dark lines on a light background 
are preferred. The target contrast (the dif- 
ference in photographic density between the 
lines and spaces) shall be either high, 
medium, « r low contrast, as specified. 

J 

>- 

% 
-<2* k Kfe- *r * 

FIGURE 7. Standard Resolving Power Tett Target 
Element. The pattern* of lines are parallel lute* 
£.5 x millimeter* long and 0.5 x millimeter* wide 
with space 0.5 x millimeter* wide between the paral- 
lel lince, where x equal* the number* of line* per 
millimeter. 

5.1.1.7.1 High contrast target. A high con- 
trast target is one in which the density dif- 
ference between the light and dark areas is 
greater than 2.00. 

5.1.1.7.2 Medium contrast target. A medi- 
um contrast target is one in which the den- 
sity difference between the light and dark 
areas is equal to 0.80 ±: 0.05. 

5.1.1.7.3 Low contrast target. A low con- 
trast target is one in which the density dif- 
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ference between the light and dark areas is 
equal to 0.20 ± 0.05. 

5JL.2 Test methods. 

5.1.2.1 Plane of best definition. The plane 
of best definition is usually determined by 
making a series of evaluations at a sufficient 
number of focal settings. The distance be- 
tween focal settings in hundredths of milli- 
meters shall be at least 

f-number of lens 
no. of lines/mm. expected 

The detailed specification shall state the 
method used in determining the plane of best 
definition. 

5J..2.2 Equivalent focal length. 

5.1.2.2.1 Method 1 — Photographic meth- 
od.1* The EFL shall be measured by placing 
a photographic plate in the focal plane of the 
image space. Unless otherwise specified, the. 
focal plane is defined as the place of best 
photographic imagery for an infinity distant 
axial point; the focal plane may also be spec- 
ified as the plane of best definition. A colli- 
mator and reticle may be conveniently used 
to provide an infinitely distant object point. 
Exposures are made with the beam of light 
from the collimator directed along the opti- 
cal axis of the lens and a series of angles 
ßu ßt, etc On the resultant negative, meas- 
urements shall be made of the distances 
Vu Yu etc., from the axial images to the 
images corresponding to the angles ßu ß-., 

/i /: 
etc., and the quotient - 

tan ßt       tan ß. 
etc., formed. The limiting value of this quo- 
tient as ß approaches zero is the EFL. In a 
photographic objective free from distortion, 
the quotient is invariant with respect to the 

M American Standard IMbedi tor Darignattaiff and 
int Focal Lanaüw and Focal Dtoanot i of FhotograpUa 
ZSS.4.21-1MS. 
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value of ß. For many photographic purposes 
the distortion ia negligible for points distant 
from the center of the useful field not more 
tiian one-fifth of its radius, and consequent- 
ly, it will very often be possible to obtain a 
satisfactorily accurate value of the EFL 
by a »ingle determination of ß and •/ for a 
point lying near the axis. 

5.1.2.2.1.1 Method IA — Combination 
ethod. The EFL also may be determined 

by adding the photographic BF to the dis- 
tance from the rear vertex to the emergent 
nodal point. The latter distance may be 
determined by Method 2. 

5.1.2.2.2 Method t — Nodal sUde method. 
The lens to be tested shall be mounted on a 
nodal slide to rotate about the vertical axis 
through its second nodal point. The distance 
.from this nodal point to the position of best 
axial focus for an infinitely distant object 
point shall be measured. This is also known 
as the second principal focus. (An important 
factor or uncertainty in using this method 
is the difference between the position of best 
focus as judged visually on the optical bench 
and the best focus as determined photograph- 
ically by method 1.) When using this meth- 
od, the criterion for determining the best 
axial focus should be specified. The criterion 
used is dependent on the type of test object 
or target used and may be specified in terms 
of either the haze position or the position of 
greatest concentration (see 3.6.9.1.1 and 
9.6.9.1.2) or in terms of the color in and 
around the image. 

5.1J2.3 Calibrated focal length. When de- 
termining the calibrated foeal length, the 
plane of best average definition shall be 
chosen as the focal plane. To compute the 
calibrated focal length, let /„ /2, etc, repre- 
sent the distances in the focal plane from 
the axial point to the images of infinitely 
distant object points lying in the directions 
making angleB ßx, ßt, etc, with the optical 
axis of the objective. If f is the equivalent 

focal length in the absence of distortion, then 

/, = f tan /3, (13) 
/, = f tan ßt 

and     ■/„ = f tan ßu 

•j 

In the presence of distortion 

and 

<y\ = f tan /3, + A ' y\ 
/, = f tan /S, H-  A ' /, 
/. = f tan ßa + A ' /. 

(14) 

(15) 

(16) 

The added terms are the values of the linear 
distortion for values /3„ ßt, etc, respectively. 
The values of / and ß are measured directly. 
It is evident that the individual values of the 
distortion defined by the above group of 
equations can be changed by changing the 
value of f. If f is the equivalent focal length, 
in many instances values )f the distortion in 
the neighborhood of the axial image point 
will be small, and near the edge of the field 
the values will be large and predominantly 
negative or positive. Infinitely distant targets 
may be provided by a group of collimators 
or by one collimator which can be succes- 
sively placed in the required angular posi- 
tions. Exposures shall be made and the ■/ 
corresponding to each angular distance from 
the optical axis shall be determined. 

5.1X4 Back foeal distance.™ To determine 
the BF, the focal plane in the image apace 
shall be determined by a visual or photo- 
graphic method. The measured distance from 
this focal plane to the vertex of the back 
surface of the lens shall be the required BF. 

5.1 JL5 Flange focal distance.™ To deter- 
mine the FD, the foeal plane in the image 
space shall be determined by a visual or 
photographic method. The measurement 
shall be made from the plane of the locating 
surface or the flange to the focal plane. 

5X2.6 Front focal distance.™ To deter- 
mine the FF, the focal plane in the object 
space shall be determined by a visual or 

» S» footnote 14. pa*» U. 

•> 
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photographic met .od. The measured distance 
from this focal plane to the vertex of the 
front surface of the lens shall be required 
FF. 

5.1.2.7 Front vertex back focal distance. 
To determine the FVD, the focal plane in 
the image shall be determined by a visual or 
photographic method. The measured dis- 
tance from the vertex of the front surface 
of the lens to the focal plane shall be the 
required FVD. 

5.1.2.8 Aperture ratio. For the special case 
in which the object is at infinite distance 
(magnification = 0), N, the first member 
of the ratio equation (2) in 3.2.2, may be 
determined as the quotient obtained when 
the EFL is divided by the diameter of the 
effective aperture. 

5.1.2.8.1 For the general case in which the 
magnification may have any value, a pin- 
hole should be mounted at the axial point of 
the desired image plane, and the angle of 
the cone of light emerging through the pin- 
hole from the lens should be determined by 
measuring the diameter of a right section 
of the cone at a suitable distance beyond the 
pinhole. The angle a can be calculated from 
the measurements and substituted in equa- 
tion (2). If n is the index of refraction of 
the me-lium in which the angle a is me s- 
ured (r — 1 for air, used in the great Ma- 
jority of cases), the second member of the 

1 
aperture ratio is . 

2n sin a 
When measuring the aperture ratio by the 
method of this paragraph, the angular sub- 
tense of the object point at the first nodal 
point of the photographic objective must be 
small as compared with the value of the 
angle a between the optical axis of the 
objective and the extreme ray proceeding to 
the image point. 

5.1.2.9 Effective aperture. 
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5.1.2.9.1 Method S — Microscope meth- 
od.™ A traveling compound microscope is 
requirer'. with means for translating the 
microscope in a direction at right angles to 
its optical axis through a measured distance 
not less than the diameter of the maximum 
effective aperture to be measured. The micro- 
scope must be of low power (10X to 20X) 
provided with a reticle and with a working 
distance sufficiently long to permit the micro- 
scope to be focused on the limiting opening 
of the photographic objective through the 
front member. The photographic objective, of 
which the effective aperture is to be meas- 
ured, shall be mounted in a convenient posi- 
tion to permit the traveling microscope to 
be directed parallel to the optical axis of the 
objective and focused upon the edge of the 
opening having the smallest apparent diam- 
eter. (The photographic objective is not 
to be disassembled.) This edge shall be 
viewed through the lens elements which are 
normally traversed by image-forming light 
before passing through the limiting open- 
ing. A microscope having a long working 

, distance is required to avoid mechanical 
interference when looking through the lens 
elements. A microscope shall then be trav- 
ersed and measurements made to determine 
the apparent diameter of this opening which 
shall be the effective aperture. In place of a 
traveling microscope, a suitable contour pro- 
jector may be employed to measure the effec- 
tive aperture. If the lens has a non-circular 
aperture, the measured diameter must be 
suitably corrected. 

5.1.2.9.2 Method -4 — Point source meth- 
od.i7 When it is not practicable to use a 
microscope of sufficient working distance to 
permit the limiting opening to be observed 
through the lens elements, a source of light, 
as small as practicable and emitting a cone 
sufficiently large to fill the lens, may be 

" American Standard Mathod* of Daatanatint' and Maaauina, 
Apartum and Balatad Quantitlaa Fartalnins to FhotosranUa 
Lanna.  ZI8.4.20-1M8. 

« American Standard Apartor* Calibration of Motion Pteora 
LaflM*. PH2S.M —19U. 
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placed at the second principal focus and 
directed toward the objective; the diameter 
of tiie emergent beam should be measured 
as near the front of the objective as is prac- 
ticable. This method is subject to a system- 
atic error, the value of the finite size of the 
source. 

5.1.240 T-number and transmittance. The 
equipment specified in methods 5 and 6 for 
determining T-stops and transmittance of a 
lens represents workable apparatus. How- 
ever, modifications are permitted provided 
that the basic requirements of the method 
and the specified accuracy an met. (See 
3.2.6 and 4X4.4.) 

< 

5X2.10.1 Method 5 — Extended source 
method.™ This method of lens calibration is 
based on filling- the lens with light from an 
expended uniform source of adequate size and 
placing in the plane of best definition of the 
leas a metal plate with a hole, the diameter 
of which shall not exceed 3 millimeters (or 
1.5 millimeters for &-millimeter film), at its 
center. The light flux passing through the 
hole   shall   be   measured   by   a   photocell 
arrangement. This flux shall then be com- 
pared with the flux passing through a hole of 
the same dimensions from an open circular 
aperture of such a size and at such a dis- 
tance from the plate that it subtends the 
desired angle a so that sin or = % T, where 
T is the T-number to be measured.  The 
greatest care is necessary to insure that 
the extended source is uniform. In practice, 
the photocell  reading for each whole T- 
number is first determined for a series of 
open apertures at a fixed distance from the 
plate. The lens is then substituted for the 
open aperture with the 3-millimeter hole 
accurately in its focal plane and the iris 
of the lens closed down until the photo- 
cell meter reading produced by the lens is 
equal to each of the successive open hole 

readings. The full T-stop positions are then 
mark :d on the diaphragm ring of the lens. 
The intermediate thirds of stops may be 
found with sufficient accuracy by inserting 
a neutral density filter of 0.1 ind 0.2 behind 
each open aperture in turn and noting the 
corresponding photocell readings or by di- 
viding the travel of the diaphragm control 
into three equal parts. The extended source 
should be uniformly bright over its useful 
area to within :t3 percent. (This could be 
tested with a suitable telephotometer, or a 
small hole in an opaque screen could be 
moved around in front of the source and 
any consequent variations in photocell read- 
ing noted.) The source may be a sheet of 
ground glass covering a hole in a whitelined 
box containing several lamps mounted around 
the hole and shielded so that no direct light 
from the lamps falls on the ground glass 
itself. The photocell receiver may be of the 
phototube type with a simple d-c amplifier. 
Care must be taken to insure that photo- 
tube sensitivity does not change between 
marking readings on the open aperture and 
on the lens itself. To guard against this, some 
turret arrangement is desirable, with the 
lens on one side and the open aperture on the 
other, so that the two may be interchanged 
and compared quickly with each other by 
turning the turret. Transmittance of a lens 
shall be measured at the maximum relative 
aperture in a direction parallel to the optical 
axis of the lens. Transmittance is equal to 
C/R where C is the calibrated photocell read- 
ing with the lens in place, and R is a similar 
reading when a clear circular aperture is in 
place, subtending an angle a at the hole in 
the front of the photocell so that sin a = 
i^N, where N is the second term in the aper- 
ture ratio of the lens to be tested. (See 
32.2.) The value of N must be the true value, 
which may differ from that indicated on the 
barrel 

5.1.2.10.2 Method 6 — ColUmator meth- 
od.™ In this method, light from a small 

•> 

• 
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m 
source   (a 5-mi.iimeter hole covered with 
opal glass and strongly illuminated from be- 
hind) shall be collimated by a simple lens, 
or an achromat if preferred, of a focal length 
at least three times the EFL of the lens be- 
ing tested and of sufficient aperture to fill the 
lens being calibrated. This gives a colli- 
mated beam which will be focused by the 
test lens to form a small circle of light in its 
focal plane. This circle of light will be less 
than the prescribed limit of 3 millimeters 
diameter. Uniformity of the collimated beam 
can be checked by moving a small hole in 
an opaque screen across the beam, and not- 
ing any variations in the photocell reading. 
For the comparison unit, an open aperture 
shall be used, of diameter equal to the focal, 
length of the lens divided by the desired T- 
number. This aperture shall first be mounted 
in front of an integrating sphere of ade- 
quate size with the usual photocell detector 
and the light from the collimator allowed 
to enter the aperture. The aperture plate 
shall then be replaced by the lens, the iris 
diaphragm closed down to give the same 
photocell reading,  and  the T-number en- 
graved on the iris ring. The intermediate 
thirds of stops.can be found by using 0.1 or 
0.2 density filters, or by dividing the travel 
of the diaphragm control into three equal 
parts. To guard against "drift" or line-volt- 
age variations which might occur between 
readings of the comparison aperture and the 
lens, it is convenient to leave Ute known 
standard aperture in place in front of the 
sphere, and to insert the lens into the beam 
in such a position that the small image of 
the source falls wholly within the standard 
aperture. The meter reading should then re- 
main the same with the lens in or out of the 
beam. A second plate with a 3-millimeter 
aperture should be placed over the compari- 
son aperture while the lens is in place to 
stop any stray light which may be reflected 
from the interior of the lens. It should be 
noted particularly that if this method is 
used, the focal length of the lens must be 
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measured separately and a suitable set of 
open apertures constructed for use with it. 
However, by suitable devices, one single set 
of fixed apertures may be used for all lenses. 
Transmittance of a lens shall be measured at 
the maximum relative aperture in a direc- 
tion parallel to the optical axis of the lens. 
Transmittance is equal to C/R where C is 
the calibrated photocell reading with the 
lens in place, and R is a similar reading 
when a clear diaphragm (equal to the lens 
effective aperture) is in place. 

5J..2.11 Relative fflumination. 

5.L2J.1.1 Method 7 — Extended source 
method. This method of measuring relative 
illumination makes use of the same appara- 
tus and techniques specified in method 5. 
With the lens to be measured set up in the 
apparatus, the photocell shall be displaced 
laterally to the position corresponding to the 
required angular positions, and the corres- 
ponding percentage of axial illuminance for 
each position is found from a calibration 
curve of the photocell meter. 

5J..2JL1.2 Method 8 — Collimator method. 
This method of measuring relative illumina- 
tion makes use of the same apparatus and 
techniques specified in method 6. With the 
lens to be measured set up in the apparatus, 
the lens shall be rotated through the desired 
field angles ß and the photocell readings 
compared with the readings for the lens on 
axis. The percentage of light flux trans- 
mitted can then be read off a calibration 
curve for the photocell system and converted 
to desired percentage illuminance by dividing 
by cos« 0. 

5.UL11.3 Method 9—Densitometric meth- 
od. This method of measuring relative illu- 
mination makes use of the same apparatus 
and techniques as specified in methods 5 and 
6, except that a photographic plate is substi- 
tuted for the photocell when the extended 
source is used, and for ehe integrating sphere 
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when a collimator is used. In the latter case, 
the image produced by the lens should be 
in sharp focus on the emulsion plane. The 
exposures are made on the axis and at the 
required angular positions off axis. The ex- 
pr ure times shall be the same at all the 
pt «itions. The densities of the exposed and 
de -eloped images shall be measured and the 
relative- illuminance determined using the 
»ensitometric curve of the emulsion, obtained 
jy exposing a calibrated step-wedge. 

5.1.2.11.4 Method 10 — Indirect computa- 
tion method. The indirect computation ->f 
illuminance distribution from dimensions of 
the lens are outlined in this section. The 
method in this case is for a lens while in the 
design stages, or in determining the illumi- 
nance distribution of an actual tons when no 
convenient photometric equipment is avail- 
«ble. 

5.UM1.4.1 Distortionless lens with object 
at infinity. The case where the object is at 
infinity is applicable to most photographic 
objectives encountered in aerial and ground 
photography. The field angle of such a lens 
is always expressed by the obliquity angle 
f, in the object space. The desired relative 
illumination is given by: 

R = cosV (17) 

where E is the illuminance at the point in 
the image which corresponds to the obliquity 
angle * in the~vbject space, and E« is the 
illuminance at the center of the field. S<*> and 
So are, respectively, the beam section areas 
of the oblique and axial beams at the chosen 
reference plane in the object space. The area 
S* will in general be smaller than S, due to 
vignetting, but in some unusual lenses, S* 
may be somewhat greater than S„. 

5.1.2.11.4.2 Distortionless lens with finite 
object distance. The relative illumination R 
can be computed either in the object space 

or in the image space depending on wbu-h 
is more convenient The illuminance at anple 
4> is given by the integral': 

E* = K/cos^dS = K'/cos^ dS' (18) 

where K and K' are constants independent 
of obliquity. The integrals are to be taken 
over the respective beam sections. The in- 
tecrJs are necessary because <f> and <*>' vary 
from point to point over the beam sections. 
If the aperture is small, the integral becomes 
unnecessary and then: 

E* -- KS* <m<* = K'S'* cosV 119) 

The relative illumination is then found by 
evaluating E* and E„ for an oblique nd 
axial beam and talcing the ratio R = E^>   2<>. 

&1.2.11.4.3 Distorting lens with object at 
infinity. This differs from the previous cay 
because the distortion will have a consider- 
able effect on the distribution of illuminance 
expressed as a function of the entering obli- 
quity angle *. In this case the relative illu- 
mination becomes: 

E* S* 
R = 

E. 

f= sin * coa + 

h' (dh') 

<d*) 
(20) 

S* and So are the areas of the beam sections 
for the oblique and axial beams at the chosen 
reference plane in the object space; * is the 
obliquity angle in the object space, f is the 
focal length of the lens and h' is the image 
height By measurements or computations 
on the lens, a relation can be established 
co.inecting h' with 4. from which the value 
of the derivative dh'/d* can be found at any 
desired point in the field. For a distortion- 
less lens, h' = f tan *; in that special case 
equation,  (20) simplifies to equa ion  (17). 

5.1.2J.1.4.4 Distorting lens with finite ob- 
ject distance. The image space equations (18) 
or (19) hold independent of the distortion of 

9 
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the lens. If it is det.red to use the data of 
the object space, equation (18) becomes: 

E0 cos4 a) dS 
(21) 

(dh) 

where K is a constant different from that 
used in equation (18), h is the object height, 
and h' the height of the image of that object. 
The derivative dh'/dh must be found by 
determining an algebraic relationship be- 
tween h and h'. If the aperture is sufficient- 
ly small, * will not vary greatly over the 
beam section and the equation may be re- 
duced to the approximate form. 

E* = K 
h' <dh') 

Se>CO«4«> 

(dh) (22) 

5.1.2.11.4.5 Monocentric lens. In the case 
of a lens having a common center of curva- 
ture to all the surfaces and a concentric 
image surface, the relative illumination con- 
tains only one cosine, namely: 

R = 
E* S* 

COSa> (2S) 
Eo 

5.1.2.12 Resolving power. When specifying 
or measuring resolving power, care should 
be taken to consider the following pertinent 
factors: methods of tests, contrast of tar- 
get used, kind of and processing of photo- 
sensitive emulsion, whether filter is to be 
used, and magnification at which resolving 
power target images are read. For reading 
resolution, a magnification of the lowest 
power which permits convenient viewing will 
yield the highest resolution readings. (The 
rule based on Selwyn's experiments20 that 

■ E. W.   Selwyn,   National  Bureau  of  SUadavda CSie,   1W. 
19M and Photographic Journal MB, 41. MM. 
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the numerical value of the magnification 
should equal the number of lines per milli- 
meter expected to be resolved can be con- 
sidered a rule of thumb.) 

5.1.2.12.1 Photographic resolving power. 
When   conducting   photographic   resolving 
power tests by r iethods 11 and 12, the photo- • 
sensitive material and processing should be 
in accordance v ith table II. 

5.1.2.12.1.1 it. thod 11 — CoUimator meth- 
od.*1 For lense? primarily intended for use 
on distant obje ts, such as types I, II. Ill, 
and V, this me hod should te used. The re- 
solving power i irget is placed at the princi- 
pal focus of a eollimator and illuminated 
with white light. A filter of a specified color 
may be used and it shall be placed between 
the light source and the target It is recom- 
mended that, in order to eliminate vibration 
effects, a flash discharge lamp be used as the 
light source and that the light from it be 
filtered if necessary to approximate white 
light. (See 5.1.1.4.) Exposure can be con- 
trolled by means of neutral density filters 
between the light source and the target The 
lens to be tested shall be placed in the colli- 
mated beam from the target and a test plate 
or film made in a series of focal settings as 
described in 5.15.1. Unless otherwise speci- 
fied, the lens shall be set at the specified 
TTitt-rimiii« relative aperture. With the test 
plate perpendicular to the optical axis of the 
lens, exposure shaP be made of the test tar- 
get at the specified angular distance from 
the axis out to and including the multiple 
of the specified angle falling nearest the 
corner of the plate inside the picture format 
The specified angle should be multiples of 
114 degrees and should be spaced to provide 
5 increments or more in the semi-field of the 
lens. The exposure time shall be the same 
for all angular settings and shall be the 

u In method 11. if the reaoWing power la maaenTod by ra- 
tioning from tha Unaa per mUliinater of the target. XFL of the 
oolUmator. and BFI> of the teat lane, the *ahia ihoold be cor- 
rected by multiplying radial Unaa by the meine of the field engte 
and tangential liner by the eoe» of the field angle. 
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TABLE II 

Lanatro* FhiHOMnltH» ASA tinihiiw—1> 
LMlwIml tiimiiii lii■!— (POM) 

I 
(70-mm. 1ormai lAuKhromati* aarial 10 fco. * oao 

itgmaBar) 
(5-taeb format :  FaachromaH« —rial 80 LB ± 0.10 

ft largar) 
n 

(70-mm. format rauahroiaatto aarial   • 10 &0 ±  0.10 
A small«*-); 

(tUindt format* 

m 

Panehroacttr aarial 80 IS  ± 0.10 

Pancbromati». aarial 50 os st <uo 
IV Panchromatic microfilm Maximnm contra** 
V> . PuiwIiitHBatic (wmttoa pictara) HMO OA. ± 0.10 

DC Panchromatic: (portrait) 100 0.« ± 0.10 
zn Banchromatio microfilm Maximum contraafc 

xm Panchromatic- microfilm Maximnm contrast 
HV BttMismritrf» racordinfr — IS, ± OJ.0; 

exposure time which, give» the highest 
solving power at the angular setting nearest 
the angle equal to one-half the half angle 
of view. The different angular Bettings-may 
be obtained by movingrthe lens« and: test plate 
about an axis near the entrance pupil or by 
moving the collimators; or by means of a 
series of collimators' placed in the correct 
angular positions. The Ten» may be tested 
with Or without the filter provided with it, 
as required 

5JiXSZ.tJS Metko& & — Target range 
method. For lenses primarily intended for 
use at finite distances^ such as types IV, XHr 
and Xm> this method should be used; Also, 
it may be used, when specified; tor- testing 
other types of lenses; Properly illuminated 
high contrast resolving power targets shall 
be placed in the object space in » plane per> 
pendicular to the optical axis of the lens to 
be tested and spaced at the required angular 
distances. The distance from the lens to the 
plane of the targets shall be designated. 
When this method is used for testing lenses 
at infinity focus, either formula (12) in 
5.1.1.» may be uaoä to determine the proper 
distance, or some designated distance may 
be used The test plate shall be adjusted per- 

pendicular to the optical-axis of the len&and 
exposed for maximum resolution at the tart- 
get nearest the angle equal to; one-half the 
half angle of view of the lens being tested 
and shall be moved in a aeries of focal set- 
tings as described in 5.1.2.1. The sensitized 
material, processing, etc., shall be in accord- 
ance with table H. 

5JL2J22 Method IS — Visual resolving 
power. When visual resolving power meas- 
urements; axe required (such as type X 
lenses),, they will be made exactly like the 
photographic resolving power testa* except 
that the aerial image, when it is real and 
easily available, will be observed visually 
under magnification. Method 11 or 12: in 
bM.y.Tg.f will be used as specified, depend- 
in* on the use of the lenav When the image 
formed by a viewfinder- (type X lens) is * 
virtual image, a telescope stopped down to 
& millimeters.and placed at the eye position 
wül be used to observe the image. In this 
case, the resolution shall be determined in 
terms of a specified test chart at a speci- 
fied distance. In all cases where the image 
is formed on a ground glass, the ground glass 
shall be rer.ioved to observe the aerial image, 
and the image shall be observed on a plane. 

•) 
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addition of this sUj enables one to measure 
prism angle. When measuring distortion at 
finite distances the plane of the targets must 
be parallel to the test plate. Mathematical 
means for adjusting the measurements may 
be used to eliminate error from this source. 
If the distortion is to be measured for an 
object at a finite distance, the targets shall 
be set up at the required distance as speci- 
fied. The test procedure is the same as for 
the object at infinity, except that the distor- 
tion is determined on the basis of paraxial 
or calibrated magnification. 

5J..2J.6.2 Method 26 — CoUimator bank 
method. This method is intended for use with 
lenses mounted either in cameras or in test 
barrels. Method 26 is similar to method 25, 
except that a bank of collimators containing 
targets shall be used instead of a target 
range. 

5J.JZJ.6Ji Method S7 — Single coüimator 
photographic method. In some cases where 
high precision is not required, a single col- 
limator may be used in conjunction with a 
test plate as in method 26. In this method, 
either the coUimator or the lens and the test 
plate shall be rotated through the required 
field angles about the center of the entrance 
pupil of the lens. 

5.1.2.16.4 Method 28 — Nodal slide meth- 
od. This is a visual test method and may be 
used, when specified, for lenses mounted in 
barrels. The lens to be tested shall be prop- 
erly placed on the nodal slide of an optical 
test bench and centered so that its optical 
axis is nearly coincident with the axis of the 
microscope. Distortion for a particular angle 
shall be measured by the lateral displacement 
of the observing microscope required to cen- 
ter the target at each angular setting. At 
each angle ß, the microscope shall be dis- 
placed along its horizontal axis by the dis- 
tance f (1-cos /3)/cos ß away from the lens. 
This ref ocusing is not necessary if a flat field 
bar is used. To obtain the value of distortion, 
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the lateral distance through which the micro- 
scope shall be displaced must be divided by 
the cosine of the angle at which the distortion 
is being measured. Because of inaccuracies 
present in most optical benches, it is desir- 
able to make each measurement at the same 
indicated angle on each side of the axis and 
to average the two microscope readings ob- 
tained before computing distortion. 

5.1.2.16.5 Method T9 — Goniometer meth- 
od. This is a visual method intended for use 
with lenses mounted in cameras. An accu- 
rately calibrated test object on glass, usual- 
ly in the form of a scale or grid, shall be 
placed in the plane of best definition of the 
lens to be tested and illuminated in a direc- 
tion toward the lens to be tested. This test 
object must be fiat, properly centered, and 
perpendicular to the optical axis. The lens 
and illuminated test object shall be placed in 
the goniometer so that the axis about which 
the angles are measured passes through the 
center of the entrance pupil of the lens. The 
telescope of the goniometer shall be pointed 
at successive points on the test object and 
the field angles determined. (The telescope 
«hall not be refocused during the run of 
measurements.) From Ute focal length of 
the lens being tested and the calibration of 
the test object, the angles subtended by the 
various points on the test object can be 
computed. Distortion then can be computed 
in terms of the difference in angles on the 
object side and image aide; this distortion 
in turn can be converted into the standard 
form. (See 5.L2JS.) By adjusting the focus 
of the telescope, this method can be ex- 
panded to include some cases in which the 
test object, is in a plane corresponding to 
some finite magnification. Care should be 
exercised to insure that the cone of light 
from the test lens is included in the entrance 
pupil of the telescope. 

5.1.2.16.6 Method SO — Projection meth- 
od. This method is intended primarily for 
testing projection lenses. A test object simi- 
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lar to the one us< d in method 29 shall be 
placed in the object plane of the lens to be 
tested and projected onto a suitable screen. 
Measurements shall be made of the projected 
imaf e of the teat object The distortion shall 
be computed in terms of the tea? object Care 
should be taken to insure that tl e screen and 
test object are perpendicular t.» the optical 
axis of the lens and that the test object is 
flat and properly centered. The cone of light 
'rom the projection lamp shall completely 
.11 the projection lens, and tie test object 

shaiJ be uniformly iUuminated The sign of 
distortion is reversed from theory on pro- 
jection through a lens and measured a the 
long conjugate. 

5.1X16.7 Tangential distortion. Any of the 
six methods for measuring radial distortion 
may be modified to measure tangential dis- 
tortion by considering the displacement of 
image points perpendicular to a radius from 
the center of the field. The magnitude of 
tangential distortion varies from zero along 
one diameter to a maximum along an orien- 
tation 90 degrees to the diameter of zero 
distortion. Therefore, when required, tan- 
gential distortion thall be measured for two 
axial orientations cf the lens, and the orien- 
tation f or maximum tangential distortion 
computed. 

5.1X17 Prism effect. To measure the 
prism effect in terms of a thin equivalent 
prism of vertex angle a, use is made of the 
fact that oblique rays are deviated by the 
prism more than, and in the same direction 
as, the axial ray. An assumption is made 
that the axial ray makes only a small angle 
with the normal to the surface of the prism 
(or the prism may be assumed to be in the 
minimum deviation for the axial ray). If the 
camera under test is used to photograph 
three collimators or distant targets, one 
axial and the other two making angles +ß 
and —ß with the axis, the distances from 
the O degree image to the 4-/5 image and 
from the 0 degree image to the —ß image 
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are different in the presence of a prism 
effect This difference is measured on the 
negative. Under the assumptions made, the 
analytical expression for this difference is: 

A = f[tan (ß + c)  — tan (ß — «) 
— 2 tan «.] 

(26) 

where f is the equivalent focal length of the 
lens, t is the deviation of the ray making 
ß with the axis (within a close approxima- 
tion the deviation is the same for 4-/3 and 
—ß), and €„ = a/2 is the deviation of the 
axial ray. Tables for A can be computed for 
various values of f, ß, and a. The measured 
and tabulated values of A are compared, and 
the corresponding a is evaluated. 

5.1.2.18 Spherical aberration. 

5.1X18.1 Method SI — Annual ring or 
Hartmann  disk   method.   When   spherical 
aberration is specified in terms of change in 
focal position for zones of different radii, a 
Hartmann disk (a plate covering a front of 
the lens Tvith holes at the different zones) 
or aperture cc isisti ng of open annular rings 
will be placed aver the front of the lens and 
properly centered. Either a photographic or 
visual method of determining the difference 
in focal positions for different zones may be 
used. Various modifications of these meth- 
ods and other methods may be employed, 
such as a knife-edge test or interf e*.ometric 
method. When measuring spherical aberra- 
tion for an object at infinity, the target 
which is imaged by the teat lens may be 
placed in a collimator or a distance at least 
25 times the focal length of the lens to b* 
tested. 

5.1X18.2 Method S2 — Stopped-aperture 
method. When spherical aberration is speci- 
fied in terms of the difference between the 
best focus at maximum aperture and at a 
designated reduced aperture, a nodal slide 
optical bench or an autocollimation method 
may be used to determine the difference in 
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